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A CASE OF SCAPHOCEPHALUS WITH RETINAL CHANGES * 


ARTHUR WILLARD FAIRBANKS, M.D. 


BOSTON 


This paper is presented for several reasons, among which are the 
following : 

1. It concerns an interesting and not very common malformation of 
the cranium. 

2. This cranial malformation is associated with certain phenomena 
which are so distinctive, and so suggestive of serious organic disease, 
that they entirely distract the attention from the conformation of the 
skull as a condition of any importance in the symptom-complex, whereas 
the truth is that the complex of phenomena will never be correctly 
interpreted unless the cranial malformation is considered. 

3. In fifteen years’ constant handling of large numbers of children, 
and during the past seven vears, especially, congenitally defective chil- 
dren, the case here reported is the first instance of the kind that I have 
seen. 

!. Both myself and a colleague, who has had a great experience 
with defective children, were completely baffled by the case for several 
weeks; and finally the fact that I am fortunate enough to be able to 
report an instance of this condition is of course the immediate incentive 
of my paper. 

It is my duty here to savy we are indebted to our former assistant 
at the City Hospital Clinic, Dr. Abraham Myerson, now of St. Louis, 
for whatever of interest or profit may be found in the case, for it was 
he who came across, in the literature, Merle’s' article that solved the 
diagnosis of this boy’s condition. 

It will perhaps be of interest to give this boy’s history as it was 
given to us: 

History.—Boy, aged 8; father, mother, a brother and three sisters are normal 
Six weeks previous to examination he is said to have had a “cold” with cough, 


headache and vomiting. When the cold improved the headache and vomiting 
persisted, the headache being at times extremely severe, and at these times he 
From the Department for Nervous Diseases, Boston City Hospital. 
Presented before the New England Pediatrie Society, March 25, 1911. 

1. Merle: Nouv. iconog. de la Salpétriere, 1908, xxi, 349. 
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complained of seeing double. He also complained of being very dizzy. The headache 
occurred almost daily, with only an occasional day of freedom. He never had a 
headache previous to the onset of the cold. He never had any difficulty at 
school, and was in the fourth grade. He was referred to the department 
of nervous diseases of the City Hospital by the eve department with a statement 
that he had choked disk, double optie neuritis and double retinal hemorrhage. 
Examination.—Our examination showed a_ bright intelligent boy without 
anatomic stigmata with the exception of a very long, dolichocephalic head, with a 
very high vault, along the crest of which is a suggestion of a ridge. 
Antero-posterior diameter: 21.7. Cephalic Index 58. 
Bi-parietal diameter: 12.6. 
Cireumference: 56.5. 
Glabella to inion: 41.0. 
Ear to ear: 32.5. 
See outlines and photographs Figs. 1 to 5. 
External ocular condition apparently normal; no nystagmus; pupils equal and 
react normally; gait and station normal; no staggering; no tremor, ataxia, 
asvnergia, or paresis; no abnormality or inequality of the reflexes. 











Fig. 1—Front view of patient showing height of cranium above the ears. 


He was referred to the hospital ward for observation for two weeks. There, 
occasional headache, vomiting and considerable vertigo, persisted for some days, 
and then gradually subsided, and he was discharged. A week after his return 
home headache and vertigo again ensued, and moderate Romberg’s sign was 
present. 

During the following six weeks he had occasional attacks of vomiting and 
headache without other definite signs. It was thought at one time that there 
was slight left internal strabismus, but this was never seen at any other time. 
Then for four days he had almost constant severe headache and vomiting, but 
without the former vertigo. A week later his condition was such that his parents 
requested his admittance to the wards. While in the hospital he had no attacks 
during the eleven days he was under observation. Ten days later, however, he 
complained of a blur in his eyes and that he saw things double. Eye examina- 
tion showed two mm. swelling of the disk and beginning signs of organization. 
On this oceasion and several times previously it was thought that there was 
slightly less coordination and power in the right upper extremity than in the 
left, but this was always questionable. No other signs were present. His gait, 
even with his eyes closed, was excellent. From this time to the time of making 
this report (six months), he was perfectly well subjectively, and presented no» 
abnormality, except the cranial deformity and the changes in the retina. 
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As will be seen, the symptoms strongly point to an intracranial 
tumor. In fact we have the classic general symptoms presenting them- 
selves in a strikingly typical manner—headache, vomiting, optic neuritis, 
and choked disks, with retinal hemorrhage. When we have said that 
we have here all the typical so-called general phenomena, we complete 
the statement as far as any indication of intracranial tumor in this boy 
is concerned, for we have no focal symptoms. When we remember, 
however, how long focal signs may be absent in cases of tumor, and 
when we think of how absolutely typical of intracranial tumor the 
<vymptoms, as presented by this child, have always been considered, it 


is not surprising to know that thev were so regarded in this case for 

















Fig. 2.—Lateral view of patient. 


many weeks, and only the intermission of the headache and vomiting, 


and the apparent well-being of the child otherwise, prevented a decom- 


pression operation. The symptoms were so intense that the child was 


twice admitted to the hospital with a view to such radical palliative 
procedure. The abnormal shape of the head was, of course, noticed, 
but was thought to be a congenital deformity, without connection with 
the active and serious clinical phenomena. 

In considering these cases we must start with the basic principle 
that the variation of the cranium from the normal type is the primary 
and essential condition, to which all the other phenomena are secondary. 
We must also recognize the fact that the type of cranial deformity is 


not always the same. We must keep constantly in mind that the 
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important clinical condition is not the shape of the skull, but the dis- 
turbance of function produced by the deformity. We find by a study 
of the cases reported that in near all those instances in which the 
disturbance of function was present there has been one feature of the 
cranial configuration that has been practically always conspicuous, and 
this is the marked increase in the vertical dimension of the cranial 
vault. The circumference, the anteroposterior and the biparietal 
diameters all vary widely, and the skull may even be very symmetrical, 
but the increase in the vertical depth is practically always present. 
although its degree varies considerably. This, then, appears to be the 
essential element as far as the cranium is concerned. 

It is, therefore, incorrect to classify these cases under any sucl 
restricted terms as oxvcephalus or acrocephalus. By these terms we 


mean a skull with a more or less pointed vertex. We find, however. 
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Figs. 3, 4 and 5.—Outlines of skull, around base, over vertex from glabella t: 


inion and over vertex from ear to ear. 


that the clinical condition we are considering occurs in a typical manne) 
in individuals with well rounded vertices, and, in rare instances, even 
in cases in which the vertex is somewhat depressed, the so-called 
clinocephalus, and we see it in this boy, whose cranium, viewed from 
the side, is not oxy- or acrocephalic, but more of the scaphocephali 
form. But in all of these forms the vertical depth, as a whole, is 
increased. This is the essential characteristic. 

I believe, therefore, that this condition should not be classified 
according to the anthropologic variety of cranium, but rather it should 
be kept in mind that the condition is merely secondary to the effort 
of the skull to adapt itself to the growth of the underlying brain, against 
the handicap of more or less unyielding sutures; and that the thre 


sutures concerned, the coronal, the sagittal and the lambdoid, varv in 
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different cases in their relative rigidity; i. e., in the degree to which 
they are individually prematurely ossified, thus determining the par- 
ticular tvpe of skull resulting. A moment’s thought will make it clear 
that if a given suture becomes obliterated the expansion of the cranium 
in the neighborhood of that suture and in the direction at a right angle 
horizontally to the course of that suture, will be greatly retarded, if 
not entirely prevented, and that consequently the skull must expand 
n other directions to a greater extent than usual to meet the demands 


if the developing brain. 


VICTOR CHICAGO | 


Fig. 6.—Radiograph of cranium showing synostosis of sutures. 


Let us suppose, for instance, that the coronal and the lambdoid 


sutures are the site of premature synostosis. The skull cannot. suffi- 


ciently increase its anteroposterior diameter. Compensation must be 


found in an increase in breadth and a lifting of the vertex as a whole. 
This is achieved by an increased yielding at the sagittal suture with 
resultant broadening of the cranium, and at the squamous suture, with 
consequent lifting of the whole cranial vault. Under these circumstances 
we have formed the true “Thurmschaedel 


of the German writers. This 
is an abnormally high but brachycephalic skull. If the three vertical 
sutures are all prematurely synostosed we have the same Jack of deyelop- 


ment anteroposteriorly as is described above, due to the fixation at the 





154 {WVERICAN JOURNAL OF DISEASES OF CHILDREN 


coronal and lambdoid: but in addition we have inability to increase the 
eranial breadth, due to rigidity at the sagittal suture. This means that 
the increase in capacity of the intracranial space can only take place by 
a raising of the more or less pointed vertex, and we have as a result 
the real oxvcephalic or acrocephalic skull, the “Spitzkopf,” as the Ger- 
mans term it. 

Let us now see what the cranial form would be if the sagittal suture 
alone were synostosed. Here we have an inability of the cranium to 
vield to lateral pressure, but comparative freedom to develop antero- 
posteriorly, and to rise in height. It is obvious that the result would be 
a long, high cranium with a somewhat sharpened anteroposterior ridge, 
along the vertex. This is the scaphocephalic skull, of unusual height. 
This is what we see approximated in the boy whose case is reported. 
His case, therefore, | believe is due to premature synostosis of the 
sagittal suture.” 
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Fig. 7.—Chart showing vision and required correction; also showing retinal 


changes. There is no change in muscle balance. 


So much for the formation of these various types of crania. It will 
be noticed that in all these types the one unvarying characteristic is an 
increase in the height of the vertex. This accession in height is, as said, 
compensatory in character, and is rendered possible by continued unre- 
stricted growth along the squamous sutures, 

We come now to the most interesting features of these cases, namely. 
the eve changes (Fies. 7 and 8). The most characteristic, beeaus 

2. Since this opinion was written the accompanying radiograph has been 
obtained. It shows in superb manner the persistence of the lambdoid, and less 
clearly the vertical portion of the coronal sutures, while the sagital suture is 
seen to be completely synostosed. Incidentally the convolutions of the underlying 
brain show unusually well, proving that the skull, as a whole, is not thickened. 
This is, I believe, the first instance of the kind in which the condition of the 


eranial sutures has been actually proved during life. 
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the most common phenomenon, is the condition revealed to us by the 
ophthalmoscope. 

Optic neuritis in all its stages, choked disk, and post-neuritie optic 
atrophy, are the features that remove the condition from the realm of 
anthropology and place it in the domain of clinical medicine. With this 
syndrome are occasionally seen exophthalmos and deviation of the ocular 
axes, the latter being practically invariably outward. The last two 
symptoms are due to changes in the directions of the planes of the 
orbital walls, resulting in a shortening in length and diminution in 
capacity of the orbital cavity. It, like the changes in the cranial vault, 
is Compensatory in nature, the direct result of the demand from within 
the cranial cavity for more room. It is present in some degree in 
perhaps half of all cases. It has been reported in one or two instances 
in which the optic nerves and disks showed no evidence of involvement. 
The external ocular muscles themselves are never paralyzed. 


Concentric diminution of the visual fields (Fig. 8) is usually more 


or less pronounced, especially in the later vears, as would be expected. 


Loss of central vision, without implication of the periphery, is never 


seen. Two cases*:* are on record in which the restriction of the fields 


is said to have been nasal, and one with eccentric limitation.* It Is 
important to note that the subjective impairment of vision is not always 
in direct ratio to the severity of the changes revealed by the ophthalmo- 


scope. The amount of vision is often surprising when compared with 


the condition of the nerve. 
The degree of impairment of vision seems to remain fairly stationary 
when once the neuritis has run its course. All degrees of impairment, 


from absolute blindness to slight amblyopia, may eventually remain, and 


3. Michel: Arch. f. Ophth. (Von Graefe). 1866, ii, 133; Fraenkel: Ueber 
Schiidelsynostosen, Arch. f. path. Anat. (Virchow), 1870. 1, 145: Michel: Areh. d. 
Heilk., 1873, xiv, 39; Handb. d. Kinderh. (Gerhardt), v. 515; Zuckerkandl: 
Mittheil. d. Anthrop. Gesellsch., Wien, July, 1874; Schiiller: Centralbl. f. Augenh., 
ISS], 236; Hirsehberg: Centralbl. f. Augenh., 1883, 1; Vossius: Klin. Monatsehr. 
t. Augenh., 1884, 172; Stood: Monatsbl. f. Augenh., 1884, 248; Fridolin: Friih 
zeitige Schiideldeformitiit, Arch. f. path. Anat. (Virchow), 1885, 100-266. 

4. Ponfick: Breslau iirztl Ztsehr., 1886, No. 21; Manx: Bull. d. Ophth. 
Gesellsch., Heidelberg, 1887, 18; Friedenwald: Am. Jour. Med. Se., 1893, 529; 
Centralbl. f. Augenh., 1893, 200; Weiss-Brugger: Arch. f. Augenh., 1894, xxviii: 
Arch, Ophth., 1895, xxiv, 55; Hanotte: Anatomie pathol. de loxyeephales: These 
de Paris, 1898; Atgier: Bull. de la Soe. d’anthrop. de Paris, ii, Series 5, 1901; 
Friedenwald: Areh. Ophth., 1901, xxx, 405; Vortiseh: Ueber Sehnervenerkrank. bei 
Turmschiidel, Inaug. Dissert., Tiibingen, 1901. 

5. Oliver: Proe. Am. Philosoph. Soc., 1902, xli; Kraus: Zur Kasuistik der 
Sehnervenleiden bei Schiidelmissbildung, Inaug. Dissert.. Giessen, 1902; Enslin: 
Arch. f. Ophth. (Von Graefe), 1904, Iviii, 151: Patry: Ann. d’ocul., 1905, 249; 
Meltzer: Neurol. Centralbl.. 1908, 562; Miinehen. med. Wehnsechr., 1908, ii, 2060. 
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it may be very unequal in the two eves. Retinal hemorrhages occurred 
in my patient, and also in a patient seen by Hirschberg.* Nystagmus 
has been reported, but it is so inconstant as hardly to justify its inclusion 
in the typical picture of the condition. It is always double and always 
when it oceurs it is seen in cases with marked diminution of visual 
power. ‘The palpebral fissure is occasionally somewhat slanting, faintly 
resembling the Mongolian type. The mentality is never affected in the 
pure form of the condition. 

The cases reported by Hutchison® are not typical of the class that 
we are considering, if one may judge by the photographs, and the 


apparent mental state of these children. 
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Perimetric charts showing changes in the color fields. 


The most difficult problem to solve in this condition is presented by 
the eye changes. What causes the optic neuritis and the impediment 
to the return circulation through the ophthalmic vein? The latter con- 
dition may probably be accounted for by a certain degree of general 
increased intracranial tension, Causing some stasis in the cerebral sinuses. 
There is no evidence to prove that the sphenoidal fissure is narrowed 
in these cases. There is, however, another factor of some importance in 
the production of the choked disk, as we shall see later. Let us attempt 
to answer the first part of the problem, the cause of the optic neuritis. 
The easiest solution was naturally the one that first suggested itself, 
and was consequently the one accepted by many of the earlier investi- 


6. Hutehison: Proe. Roy. Soe. Med., Children’s Section, 1910, 125. 
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gators, namely, a diminution in the caliber of the optic foramen caused 
by the change in the cranial form, this narrowing of the lumen pro- 
ducing neuritis by pressure. There can be no doubt that cases have 
been examined post mortem and narrowing of the foramen demonstrated, 


but it is equally certain that some instances have shown no apparent 


lessening in the foramen’s size, and it has been proven by examination 
of a large number of crania of this type, from museums, that reduction 
in the size of the foramen was not even a common occurrence. 

It is difficult to understand why the optic foramen should become 
smaller because of any of the changes in the cranial form -that we se« 
in this condition. The foramen les entirely in the sphenoid bone and 
is not cut across by any suture. Moreover, if these changes in the 
cranium were a cause of narrowing of any of the foramina, the optic 
would be among those least likely to be affected. There are other 
foramina, and especially fissures, that ought to present evidence of some 
such influence. It is more reasonable to suppose in those instances in 
which there has been a smaller optic foramen than normal, that the 
condition is the result, not the cause, of the changes in the optic nerve, 
the gradual adaptation of the opening to the atrophied nerve bundle. 
Much more important than the actual bony narrowing in any event 
would probably be the entrenchment on the lumen of the foramen by 
the thickened dural and pial sheaths of the nerve, and the exudate or 
infiltration in the intravaginal space (between dura and pia). 

It is probable, however, that this thickening is simply contributory, 
and that the chief factor in the causation of the optic neuritis and 
secondary atrophy is the increased pressure to which the intracranial 
portions of the nerves are subjected by the long-continued increase:| 
tension of the intracranial contents, secondary in part to an increase of 
cerebrospinal fluid, in part to the pressure of the expanding brain. 

This would also account for choked disk, which of course could not 
be due directly to any obstruction at the optic foramen. When it is 
remembered that the optic commissure and the beginning of the optic 
nerves lie directly in the orbital groove, with its hard, bony surface, 
and that increased intracranial pressure, especially if due to external 
hvdrocephalic tension, must, for this reason, bear with especial intensity 
on this to a greater degree than perhaps on any other of the cranial 
nerves, it is not difficult to understand the occurrence of optic neuritis 
and atrophy in conditions associated with increase of intracranial pres- 
sure. Not only is the intracranial portion of the optic nerve exposed 
to this direct pressure, but also it has been conclusively proved, clinical) 
and experimentally, that increased intracranial tension in the subdural 
space may be transmitted directly through the optic foramen into the 
sheath of the nerve itself, producing distention and inflammatory 
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reaction with exudate in the orbital sheath of the nerve. Some of the 
choking of the disk may probably also be thus accounted for, by the 
interference of this exudate in the nerve sheath, with the venous back- 
ward flow through the first portion of the ophthalmic vein, which 
traverses the center of the optic nerve for a short distance after leaving 
the retina. 

How extreme may be the necessity for the brain to adapt itself to 
very abnormal intracranial conditions is evidenced by a specimen of a 
bisected skull with its contents, from a case of acrocephalus, shown by 
Carpenter.? It indicated to what an extent the cerebrum is capable of 
adapting itself to the cranial form. It was so crumpled on itself that 
only a space of an inch separated the frontal lobe from the occipital, 
this space being occupied only by the pons and crura. The brain was 
otherwise well developed. 

We cannot absolutely deny the possibility of the presence of a low 
vrade chronic meningeal process in some of these cases, but nothing of 
the kind has ever really heen proved, and the assumption rests merely on 
the hypothesis that a certain degree of pachymeningitis might produce 


premature ossification of the cranial vault by a= stimulation of bon 


growth. We may answer this hypothesis, however, by asking why we do 


not have evidence of abnormal synostosis in all instances of pronounced 
pachymeningitis. [ believe that the intercurrent appearance of head- 
ache, vomiting and convulsions, symptoms that have been ascribed to 
meningitis, are due to temporary rapid increase of intracranial tension, 
due to increase of the cerebrospinal fluid, or to transient circulatory 
disturbance. The appearance of these symptoms is quite common, and 
the headache may persist with considerable intensity for a long time. It 
will be noticed in my patient that the sudden appearance of headache 
and vomiting, coincident with a severe “cold,” was the first thing that 
suggested to the mother that anvthine was w rong with the hoy. 

The defective vision is, however, often the first sign noticed, and it 
is usually noticed verv early in infaney. 

The condition which | have here described is, curiously enough, far 
and away more common in the male sex, and it is most interesting to 
note that premature ossification of the sutures is also much more com- 
monly seen in males than in females. 

What determines the precocious synostosis it is impossible to say. 

591 Beacon Street 


Y arpenter: Brit. Jour. Child. Dis... 1909, 273. 





MUSCULAR HYPERTROPHY OF ‘THE PYLORUS 
IN INFANCY * 


HENRY LARNED KEITH SHAW, M.D... ann THOMAS ORDWAY, M.D. 
ALBANY, N. Y. 


This may be defined as an affection occurring in young infents 


characterized by forcible vomiting, constipation, visible peristalsis and 


frequently a palpable tumor at the situation of the pylorus produced by 


a marked increase in its muscle fibers. The disease has been described 
under the names “Hypertrophic Pyloric Stenosis in Infants,” “Congen- 
ital Spastic Stenosis,” “Congenital Pyloric Stenosis,” and “Spastic 
Hypertrophic Pyloric Contracture.” 

Osler discovered a typical description of this disease written by Dr. 
Hezekiah Beardsley in a volume entitled “Cases and Observations by the 
Medical Society of New Haven County in the State of Connecticut.” 
published in New Haven in 1787. It will not be out of place to quote 
liberally from this paper which is remarkable for the accuracy of obser 
vation and quaintness of diction. 


“A child of Mr. Joel Grannis, a respectful farmer in the town of Southington. 
in the first week of its infancy, was attacked with a puking, or ejection of the 
milk, and of every other substance it received into its stomach almost instan 
taneously, and very little changed. The feces were in small quantity and of an 
ash color, which continued with little variation till its death. For these com 
plaints a physician was consulted, who treated it as a common case arising from 
acidity in the prima via; the testaceous powders and other absorbents and cor 
rectors of acid acrimony were used for a long time without any apparent benefit. 

I was at first inclined to attribute the discrder to a deficiency of bile 

and gastric juices, so necessary to digestion and chylification, joined with a 
morbid relaxation of the stomach, the action of which seemed wholly owing to 
the weight and pressure of its contents, as aliment taken in small quantitie- 
would often remain on it, till, by the addition of fresh quantities, the whole. 
or nearly all, was ejected: but his thirst, or some other cause, most commonly 
occasioned his swallowing such large draughts as to cause an immediate ejection 
and often-times before the cup was taken from his mouth. * A number 
of the most respectable medical characters were consulted and a variety of 
inedicines were used to little or no effect. His death, though long expected, Was 
sudden, which I did not learn till the second day after it took place. This late 
period, the almost intolerable stench, and the impatience of the people who had 
collected for the funeral prevented so thorough an examination of the body, as 
might otherwise have been made. * T next examined the stomach, which 
Was unusually large, the coats were about the thickness of a hog’s bladder when 
fresh and distended with air: it contained about a wine pint of fluid exactly 
resembling that feund in the vesicles before mentioned, and which IT supposed 
to have been received just before his death. ‘The pylorus was invested with a 
Read at the meeting of the American Pediatric Society. Lake Mohonk 
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Figs. 1, 2 and 3 Visible peristalsis of the stomach, Case 3 
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hard compact substance, or schirrosity, which so completely obstructed the pas 
sage into the duodenum, as to admit with the greatest difficulty the finest 
fluid; whether this was the original disorder, or only a consequence, may pet 
haps be a question. In justice to myself I ought to mention that I had pro 
nounced a schirrosity in that part before the child’s death.” 


Williamson published an account of this condition in a 5-weeks-old 


infant with the autopsy findings in the London and Edinburgh Journa/ 
of Medicine in 1841. 


Fig. 4.—Case 4. Stomach, duodenum, fragment of liver and gall-bladde: 


the upper part of the small intestine is sutured to the stomach just below tlhe 
pvlorus (natural size). 


No further mention of this disease in infants appeared in the lite: 


ature until Hirschsprung, a Danish physician, reported two cases before 
the German Pediatric Society in 1887. He found that the pylorus wa- 
kened and that the muscle fibers were increased. Pfaundler called 


fact that two distinet vToups OT Cases had Heen ¢ asst es 
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under one head. He showed that there was both a functional and organic 
closure of the pylorus and his views are now almost universally accepted. 
A careful examination of the literature by one of us (Shaw) in 1904 
revealed 117 cases while Ibrahim collected over 400 cases in 1908 and a 
number of cases have been reported since then, This condition is there- 
fore by no means uncommon and must frequently be overlooked. 
Pfaundler found that the first vomiting or onset of the disease was 
hetween the fourth and fourteenth days in 50 per cent. of the cases, from 
the second to third week in 25 per cent., and from the third to sixth week 


Fig. 5—Case 4. Same as Fig. 4. <A portion of the anterior walls of the 
stomach, duodenum and jejunum have been removed showing the stenosed pylorus 
with greatly thickened walls (x-y). Here, as indicated, fragments have been 
removed for sectioning longitudinally (Figs. 6, 7, and 8) and transversely (Figs. 
9 and 10). The natural and artificial food channels are indicated by arrows. 
z, large, patent gastro-enterostomy opening; j. jejunum; d, duodenum; p, pan- 


creas; 0, esophagus (natural size). 


in 25 per cent. Five out of nine of our cases started in the first and 
second weeks of life, two in the third week, one in the fourth and one 
after the fourth. 

Bov babies are affected, according to Ibrahim, about four times as 


frequently as girls, but in our cases five of the nine were hovs. Five of 








hos 
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our nine were first-born babies and in two families subsequent children 
have shown no gastric disturbances. In one family the first child is 
strong and healthy, the second child died after an operation to relieve 
the stenosis (Case 3) and the third child died when 6 weeks old from a 
typical attack of this disease. This is the only instance among our cases 
in which there appeared to be any family tendency. 

Nearly all the cases of pyloric stenosis occur in breast-fed infants 


which is contrary to nearly all the affections of the digestive tract. 


SYMPTOMS 


A healthy and robust child in the first weeks of life is suddenly seized 
with violent vomiting without apparent cause. At first this occurs 
irregularly but later increases in frequency, often after each feeding. 
Examination of the breast milk shows it to be normal. Modifications of 
cow’s milk, changes in quantity or quality of the food or of the intervals 
of feeding have no effect on the vomiting. It is forceful and vrojectile 














Fig. 6.—Case 4. Longitudinal section of wall of pylorie canal showing the 
vreatly thickened muscular wall. The duodenal end of the “canal” is indicated 
by “y” and the gastric end by “x”. These points are well marked, the former 
by the duodenal submucous or Brunner’s glands, and the latter by a definite 
indentation; here the thickening of the muscle coat begins. Hematoxylin-eosin 


stain. (Mag. x 4.) 


and occurs suddenly without warning. It is variable in amount, and the 


quantity of fluid thrown up is surprising. The child will apparently 
retain several of its feedings but suddenly will throw up all the previous 


feedings. Six ounces may be thrown up in a jet-like explosion. The 
vomited matter consists of slightly digested milk mixed with mucus. It 
never contains bile. 

This vomiting is not controlled by the usual medicinal remedies. 
Lavage may reduce the vomiting to once or twice a day. The tongue 
remains clear and the breath sweet. 

Constipation and impaired nutrition are directly dependent on the 
vomiting. The constipation is really deficient defecation resulting from 


the diminished intake of food and fluid. Cases have been observed In 
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which no bowel movement could be obtained for twelve days. The stools 
are small in amount, dark green, very offensive, and contain much mucus. 
The urine is scanty and high colored. 

The weight of the infant is the index of his nutrition. The loss in 
weight in this disease can amount to 1 ounce or more a day. There is a 
progressive emaciation which is shown later by extreme exhaustion, sub- 
normal temperature, depressed fontanel, sunken cheeks, ete. 

The lower part of the abdomen is flat and even sunken in, while the 
upper part is distended and prominent. This gives the abdomen a char- 
acteristic appearance. 

The most characteristic symptom and one that is pathognomonic of 
this condition is the visible peristaltic contraction of the stomach. This 
has been termed “stomach stiffening” and is due to the strong muscular 
contraction of the narrow pylorus. The stomach appears to stand up on 
itself. This is seen during sleep as well as when the child is awake. ‘The 
wave starts from the left side and is about the size of a hen’s egg. The 


protruding part is often surrounded by deep retraction in the abdominal 





Fig. 7.—Case 4. Section same as Fig. 6, stained by Van Giesen’s connective 
tissue stain. The large amount of muscle tissue is in marked contrast to the 
connective tissue which appears black. (Mag. x 4.) 


wall. Before it disappears to the right another wave appears where the 
first started. Hour-glass contractions may cccur owing to the two waves 
running close behind each other. This visible peristalsis apparently is 
not painful, which is not the case with spastic contraction of the pylorus 
with which it is often associated. 

An equally characteristic and pathognomonic symptom is a palpable 
enlargement of the pylorus. This is not regularly present especially it 
‘arly cases. The pylorus was markedly enlarged in all of our six patients 
operated on, and in none of them could the pvlorus be palpated through 
the abdominal wall. 

Dilatation of the stomach is present in advanced cases depending on 
the degree and duration of obstruction but is absent in the early stages. 
as the food is ejected as soon as the stomach is overdistended. The 


stomach contents may be retained over several feedings and then ejected. 


showing that little or no food passes out of the stomach. 
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Several authors emphasize the presence of hyperacidity. The increased 
acidity may be due to hyperchlorhydria or an increase in fatty acids. 


PATIENTS OPERATED ON 
CASE 1.—E. S., first child, breast-fed from birth. Vomiting commenced about 
the third month; admitted to St. Margaret’s December, 1902, aged 6 months; 
weight 15 pounds 8 ounces; uncontrollable vomiting, visible peristalsis, constipa 
tion. The symptoms continued despite treatment and there was a steady loss in 
weight. Operation (anterior gastro-enterostomy) at the Child’s Hospital by 
Dr. Elting in June, 1903. Weight 12 pounds | ounce; “Stomach greatly dilated, 





Fig. 8—Case 4. Portion of Fig. 6 showing duodenal end of wall of pyloric 
canal. The submucous (or Brunner’s) glands begin at “y,” to the left is 
duodenum and to the right the pylorus. The thickness of the walls is in marked 


contrast. Minute black foci scattered through the submucosa, muscularis, and 
serosa indicate the inflammatory changes above referred to. (Mag. x 40.) 


pylorus firm and thickened, lumen greatly reduced and stenosis pronounced.” No 
bile was ever detected in the vomitus before operation but was present after 
wards. 

The child made a good recovery and gained 9 pounds in five months, and is 
now a large, well-nourished girl without any stomach trouble. 

Case 2.—E. B. (referred by Dr. Pearson of Schenectady); first child; breast 
fed. Vomiting commenced at the end of the first week and was projectile in 
‘haracter; visible peristalsis and constipation. 
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Operation (posterior gastro-enterostomy) by Dr. Elting, Nov. 23, 1906, when 


the child was three weeks old. Died Novy, 28, 1906. No post-mortem allowed. 


Operation protocoi reads as follows: 
“On opening the abdominal cavity, 
The intestines were collapsed and appeared as mere ribbons. 
plete stenosis of the pylorus due to a tumor the size of a small pigeon’s egg and 
It was impossible to force gas through at this point. After 


a large distended stomach ballooned out. 
There was com- 


regular in outline. 
anastomosis the intestines began to dilate and fill with gas.” 
M. M.. referred by Dr. Maby of Mechaniesville: second child: first 


CASE 3. 
This child was breast-fed and commenced vomit- 


child was strong and healthy. 
ing at three weeks. It was admitted to St. Margaret’s Nov. 1, 1909. There 


was visible peristalsis (Figs. 1, 2. 3). Vomiting was controlled by lavage, but 
the stomach retained all food. There was constipation. Weight at birth 7 


pounds; at five weeks 5 pounds 14 ounces. 


Transverse section of walls of pyloric canal showing the 


Fig. 9.—Case 4. 
(Mag. x 6.) 


greatly thickened muscular coat. Hematoxylin and eosin stain. 


gastro-enterostomy) by Dr. MacDonald, Nov. 4. 1909. 


Operation ( poste rio! 
1909; no post-mortem 


Weight at that time 5 pounds 9 ounces. Child died Nov. 5, 


allowed. At the operation a firm tumor was found at the pylorus. The stomach 


was distended and the intestines collapsed. 
A third child was born last Sept mber. Two weeks later it hegan to 


vomit. There was visible peristalsis and Dr. Maby wrote that it was a 


typical case of hypertrophic pyloric stenosis. On account of their experi- 


ence with the other child they would not permit an operation, and the 


child died in October when 6 weeks old. 


CASE 4.—C. D.: referred by Dr. Kurth, Schenectady; first child was breast- 
fed; began vomiting at two weeks; admitted to St. Margaret’s Jan. 8, 1910. when 
five weeks old: weight 7 pounds, S ounces. There was visible peristalsis and 


const ipat ion. 
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Operation (posterior gastro-enterostomy) by Dr. Elting, Jan. 8, 1910. Weight 
7 pounds 1 ounce: “Markedly dilated stomach with a definite hard and firm 
construction at the pylorus. There is comparatively complete obstruction.” The 
child made a good recovery and was discharged Feb, 6, weighing 8 pounds, 9 
ounces. Returned to hospital Feb. 24, with severe ileo-colitis. There was no 
vomiting. Died of exhaustion Feb. 28, aged two months, three weeks. Autopsy 
by Dr. Ordway (Figs. 4, 5, 6, 7, 8, 9, 10). 

CAsE 5.—T. K., referred by Dr. Shaw of Lansingburg. First child and breast 
fed. Vomiting commenced on the tenth day. There was visible peristalsis and 
constipation. The child was admitted to St. Margaret’s Mareh 15, 1911, and 
weighed 7 pounds, 3 ounces, at three weeks. Weight at birth was 8% pounds. 

Operation (posterior gastro-enterostomy) by Dr. Elting, March 19. Weight 
6 pounds, 12 ounces. Died March 21. No post-mortem allowed. At operation 
there was dilated stomach, collapsed intestines, and a large pyloric tumor. 








| 
| 


Fig. 10.—Case 4. Section same as Fig. 9 stained by Van Giesen’s connective 








tissue stain. The large amount of muscle tissue is in marked contrast to the 
connective tissue which appears black. (Mag. x 6.) 


CASE 6.—M. C., referred by Dr. Lamont of Catskill; second child; first was 
strong and healthy; child was breast-fed and began vomiting at two weeks. 
Weight at birth was said to be 8 pounds; child was weaned at three weeks and 
all methods of feeding were employed, There were visible peristalsis, constipa- 
tion and vomiting. The emaciation was extreme. 

Admitted to St. Margaret’s April 17, 1911, at 8 weeks and weighed 5 pounds, 
1] ounces. The vomiting was controlled by lavage but the entire previous feedings 
would be removed at the next lavage. The child lost 8 ounces in four days. 

Operation (posterior gastro-enterostomy) April 21, by Dr. Elting. The 
operation showed dilated stomach, collapsed intestines and very large pylorus. 
The stomach was removed and sections prepared by Dr. Ordway (Figs. 11, 12, 
13, 14, 15, 16, 17). 

CASE 7.—H. P.,. first child, was breast-fed for first three weeks. Vomiting 
commenced at second week. Weight at birth 714 pounds. Admitted to St. 
Margaret’s Aug. 21, 1906. when 6 weeks old and weighed 6 pounds, 14 ounces. 
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There were visible peristalsis and constipation. The peristalsis was visible for 
several months and there was a palpable pylorus. Weigat September 2, 6 pounds, 
7 ounces. The child improved slowly. Lavage was given twice a day and the 
child was nourished by rectal nutrient enemata. Weight at discharge December 
20, 1906, 9 pounds, 5 ounces. He is now a strong, healthy boy. 

CASE 8.—R. C. was the second child and weighed at birth 7% pounds. He 
was breast-fed at first and later had a wet-nurse. Vomiting came on suddenly 
at four weeks. There were visible peristalsis and constipation. Lavage was 
employed by the mother. The weight at six weeks was 6 pounds. The condition 
lasted five months, and the child is now apparently healthy and strong. 

Case 9.—E. G. was the second child. The first was strong and healthy. 
Breast-fed for eight months. Mixed feeding was begun at five months. Weight 
at birth was 8 pounds. Lowest weight was 5 pounds, 8 ounces. 

Vomiting commenced at the third week. There were visible peristalsis and 
marked constipation. A pyloric tumor was very plainly felt. Weight at 9 months 
was 8 pounds, 11 ounces. The mother used lavage twice a day for several 


months 





Case 6. Stomach, duodenum, and adjacent portion of small intestine 
of infant. The jejunum is sutured to the posterior wall of the stomach near the 
pylorus. I-IV indicate the location, and the plane of the sections which divid 


the specimen into five fragments (1-5) see Figs. 12 and 17 (5/7 natural size). 


PATILOLOGY 

Introduction 
Secretion and digestion are often regarded as the most important 
functions of the stomach; absorption and assimilation, it is agreed, are 
chiefly performed elsewhere. We are apt to overlook the functions of 
storage and motility. The importance of these is emphasized in man\ 


animals: in the rat, for example, a large part of the stomach is lined by 


stratified squamous epithelium with a distinct horny layer, the secretory 


] 


olands being situated in the small pvloric portion. The muscle coats are 
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more evident at the pylorus. The circular muscles are usually distinct 
and reach their maximum thickness just before the beginning of the 
duodenum. ‘The oblique fibers are not so well defined and may merge 
into the circular or the longitudinal muscles. 


Discussion of Pathological Findings 
In these cases most writers describe a tumor occupying the position 
of the distal part of the pylorus. We shall designate this as the “pyloric 
canal,” which connects the smaller funnel-shaped, or pyloric, portion of 
the stomach with the duodenum. The proximal end is indicated by a 
constriction (Fig. 6 x) and the distal by the duodenal submucous glands. 
The tumor-like enlargement varies from 1.5 em. to 3 em. in length 
and 0.75 to 1.5 em. in thickness. It is described by Scudder as a resilient 


Fig. 12—Case 6. Five sections showing four serial surfaces 1-I, 2-II, 3-III, 
4-[V (see also Fig. 17). A white cord passes through the natural food chan 
nel, the walls of which at the pyloric portion of the stomach are greatly thick- 
ened (sections 2 and 3); the duodenum is of normal thickness (section I-“X”). 
A dark cord passes through the gastro-enterostomy opening (section 4-“y’’), and 
indicates the course of the artificial food channel (1% natural size). 


evlinder about the size of a hickory nut. Its consistency is very firm, so 
that Dilz speaks of it as a cartilaginous tube. The tumor is composed of 


the greatly thickened muscle coat of the “pyloric canal,” chiefly of the 


inner or circular laver of fibers. Our measurements? in general agree 
with those of other observers. No difference was found in the length of 
the nuclei in the normal control case and in the two cases of hypertrophy 
of the pylorus, although the thickness in the latter two was somewhat 
less. The caliber and patency of the lumen of the “pyloric canal” is 
variable and the measurements depend in part on the method by which 


1. See table of measurements. 
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the specimen is preserved. In Case 4 a tapering probe was gently inserted 
through the “canal” and where the least resistance was encountered, the 
circumference of the probe was found to be 1.3 cm. By a similar method 
Wolbach in one case found a lumen of 2 cm. in circumference. The 
canal in Case 4 was carefully packed with absorbent cotton and after 
hardening in 10 per cent. solution of liquor formaldehydi (formalin) the 


diameter of the lumen was 2x3 mm. In Case 6, on the other hand, the 


specimen had been preserved in toto in 10 per cent. solution of liquor 


formaldehydi and the diameter of the lumen, which was practically obtit- 


erated by folds of mucosa, was 0.14 x 0.49 mm. A normal control hard- 


Fig. 13.—Case 6, Section 4, surface 4-IV, showing large patent gastro-enteros- 
tomy opening at “x”; the outer surface of a portion of the pyloric thickening is 
seen at “vy”; “z” indicates the esophageal opening (natural size). 


ened by slowly injecting through it and then immersing in 10 per cent. 
solution of liquor formaldehydi measured 4.0 x 4.9 mm. in diameter. 
The test of functional patency by hydrostatic pressure is fallacious. 
for the redundant folds of mucous membrane may act as valves; these 
and the subsequent shrinkage due to the preserving fluid may give a false 
appearance of almost absolute impermeability to the pyloric canal. There 
is little doubt, however, that the lumen is encroached on by the ridges or 
folds of mucosa projecting into it. In some cases the mucous membrane 


is hypertrophied.? Dilated, cystic and flattened glands with excess of 


2. See measurements. Cases 4 and 5, table of measurements. 
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mucus were noted by Wolbach. Our cases showed an occasional dilated 
gland, but not more marked than in control cases. Longitudinal folds 
or ridges project into the lumen of the pyloric canal. Case 4 showed 


three marked folds and Case 6, four; in the contro] there were two. Dilz 


describes three ridges of mucosa projecting into and completely occluding 


the lumen. Cervix-like projections of the mucosa similar to those bulging 
toward the duodenum may also be found at the proximal end of the 
pyloric canal. They occur, though less marked, in normal cases. It is 
these folds and ridges which form the so-called “pyloric valve.” 
Various inflammatory changes of the pylorus have been described in 
these cases. Larkin believes there is an increase in connective tissue. 


Fig. 14.—Case 6, Section 3, surface 3-III, showing great thickening of the 
pyloric walls in the vicinity of “x”. The walls of the cardiac portion of the 
stomach are of normal thickness (natural size). 


Weill and Pelm consider the hyperplasia of the pyloric muscles secondary 
to an inflammatory process, while Fredet and Guillinot think that an 
inflammatory swelling of the mucosa and spasm merely aggravate the 
stenosis. 

In our cases, one, Case 4, showed, microscopically, moderate chronic 
and slight acute inflammatory changes in the mucous, muscle and serous 
coats; in Cases 6 and “X” (control) there was no evidence of inflamma- 
tion of the walls of the pyloric canal. The stomach, in cases of pyloric 
stenosis in infants, has been described as larger than normal by some 
writers and others have found it smaller; its wall also in some cases is 


thinned and in others increased in thickness. In Case 4 the muscles of 
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the stomach wall near the pyloric canal were 0.7 mm. and in the contro] 


0.9 mm. in thickness. 
The duodenum, when mentioned, has been regarded as normal. In 


our own cases the thickness of the muscle coat was 0.49 mm. in Cases 4 


and 6 and in that of the control “X.” 9.16 mm.; this, however, mav be 


within normal limits. 


AUTOPSY AND LABORATORY FINDINGS 


CASE 4.—Post-mortem examination, Bender Laboratory A-10-17, by Dr. 
way, for Dr. Shaw, at St. Margaret’s House, Feb. 28, 1910, at 9:30 a. m. 

C. D., aged 2 months and 3 weeks, 7 hours post-mortem. 

Body is that of a fairly well developed, poorly nourished, emaciated male 
infant. Bony framework is everywhere prominent. Skin hangs in folds. Eves 


Fig. 15.—Case 6, Section 2, surface 2-II, showing great thickening of the 
pyloric walls at “x”. The jejunum is seen at “y” (natural size). 


are sunken. External orifices are negative. There is very slight lividity of 
dependent portions and no rigor mortis, The abdomen is prominent, slightly 
elevated above the level of the chest. In the median line between the ensiform 
and umbilicus there is a whitened linear scar 7 em. in length. There is no edema. 
The axillary and inguinal glands are slightly enlarged, distinctly palpable: 
otherwise the superficial glands are negative. 

Note.—Autopsy incision restricted to surgical incision above mentioned. 

Peritoneal Cavity.—The right lobe of the liver, anteriorly, in the median 
line and the omental tissue are adherent to the inner aspect of the operative 
wound above described; otherwise the peritoneal eavity is normally smooth. 
moist, and glistening. The pleural and pericardial cavities, the heart, lungs, 
spleen, liver, pancreas, adrenals, kidneys, aorta and genital organs are normal. 

Gastro-Intestinal Tract.—The upper portion of the cardiac end of the stomach 
to the left of the esophagus is adherent to the adjacent peritoneum of the 
diaphragm by delicate fibrous adhesions. The stomach is small, does not reach 
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the umbilicus and is empty. Ruge are prominent. The walls of the pylorus are 


greatly thickened for a distance of 2 em., having the consistency of a firm. 


hyperplastic gland and forming a distinct ovoid tumor-mass in the region of 
the pylorus. This is in marked contrast to the walls of the duodenum, which are 
thin and collapsed, and to the walls of the cardiac portion of the stomach, which 
are of normal thickness. A tapering probe is inserted through this thickened 
portion of the pylorus without difficulty until a point 1.3 em. in circumference 
is reached; that is, the circumference of the pyloric opening after death, with 
practically no pressure, is 1.3 em. On the posterior wall of the stomach 1.5 em. 
below the pyloric opening, which is marked by protruding folds of mucous mem 
brane, is a large opening into the jejunum; the latter is firmly adherent 
to the posterior wall of the stomach (Figs. 4 and 5. ‘The diamete: 
of this opening is 1.4 em. Pressure on the gall-bladder causes yellowish fluid to 
exude into the duodenum from the ampulla. The small and large intestines 
contain a small amount of bright yellow, semi-solid material with numerous 


Fig. 16.—Case 6, Section 1, surface 1-I, showing duodenum “x”: adjacent to- 
the pylorus is the pancreas “p”; the other openings represent sections of the 
duodenum and coils of jejunum (natural size). 


light yellowish shreds. Peyer’s patches and solitary follicles are prominent. The 
intestines are markedly distended by gas. 

{natomic Diagnoses.—Emaciation, hypertrophy of pylorus, gastro-enteros 
tomy; healed incised wound of abdominal wall, adhesions of omentum and liver 
to abdominal wall. 

Vicroscopic Examination.—The stomach, duodenum and adherent jejunum are 
earefully filled with cotton saturated with 10 per cent. solution of liquor for 
maldehydi and these organs hardened in as nearly normal shape as_ possible. 
Particular care is taken that the stenosed pyloric and the artificial gastro 
enterostomy openings may be prevented from distortion by shrinkage (Figs. 4 
and 5). Fragments removed from the wall of the “pyloric canal.” as indicated 
in Figure 5, were cut in longitudinal and transverse sections and stained by 
hematoxylin and eosin and Van Giesen’s connective tissue stains ( Figs. 6 to 10). 
The great thickening of the wall is due to an increase in muscle tissue and 


- 
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chiefly to the circular fibers. There is slight atrophy of the glands in the mucosa 
and an increase in the interglandular tissue. An occasional gland is distended 
by lymphocytes and polymorphonuclear leukocytes. Scattered through the sub- 
mucosa, muscularis and serosa, are numerous foci of lymphoid cells and few poly- 
morphonuclear leukocytes; in many places similar cells distend the perivascular 
lvmphaties. There is no increase in connective tissue. In the serosa there is a 
small amount of old yellowish pigment. 

CASE 6.—Michael C. Bender Laboratory, A-11-42. Post-mortem examination 
performed by Dr. Donhauser and restricted to surgical incision and examination 
of stomach, duodenum and jejunum. 

Stomach, duodenum and portion of adjacent small intestine of an infant. 
The specimen was received in toto in 10 per cent. solution of liquor formalde- 
hyvdi. It is somewhat shriveled by the preserving fluid and measures 7x5 em. 
In the region of the pylorus is a hard tumor mass measuring 2x1.5 em. The 
jejunum is sutured to the stomach on the posterior aspect near the 
pylorus (Fig. 11). Serial sections as indicated, I, II, III, IV, are made and 


rig. 17.—Case 6. Three sections and portions of two others showing three 
serial surfaces, 2-I, 3-II, 4-I1I. White cord passes through the natural food 
channel, the walls of which at the pyloric portion of the stomach are greatly 
thickened (3 and 4); the duodenum is of normal thickness (2 “y”). A dark 
cord passes through the gastro-enterostomy opening (4 x”) and indicates the 
course of the artificial food channel (5/7 natural size). 

Note.—The surfaces here seen are the reverse of those shown in Figures 12 
et seq. 
divide the specimen into five fragments 1, 2, 3. 4. 5 (Fig. 12). A white cord 
passes through the natural food channel, the walls of which at the pyloric 
portion of the stomach are greatly thickened (Figs. 12, 14, 15, 17), seetions 3 and 
2. The wall of the duodenum is of normal thickness (Fig. 12, Section 1 “X” 

Fig. 16). 


3. These inflammatory changes may have been secondary to the healing of 


the gastro-enterostomy wound. Patient 6 died before such change could have 


oceul red. 
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A dark cord passes through the gastro-enterostomy opening and indicates the 
course of the artificial food channel (Figs. 12 and 17). The thickening of the 
pylorus is not abrupt on the stomach side, but involves almost the entire pyloric 
portion of the stomach and gradually increases in thickness as the duodenum is 
approached. At the junction of the duodenum, where the submucous (Brunner’s) 
glands begin, this thickening is at a maximum and here ends abruptly. The 
gastro-enterostomy opening is large and the canal is patent. The intestine and 
stomach are firmly approximated and there is no leakage or suppuration. 

Vicroscopic Examination.—Fragments removed from the thickened wall of 
the pyloric canal, cut in transverse and longitudinal section, and stained by 
hematoxylin and eosin, show no pathologic change other than the great increase 
in the thickness of the muscle coat, chiefly of the circular fibers. These fibers 
appear normal.* 

Case “X” (Control).—Post-mortem examination by Dr. Kellert. Bender 
Laboratory A-11-47. May 25, 1911. Name unknown. Female infant, 8 months 
old. Child died with cerebral symptoms. Examination restricted to chest and 
abdomen, all the organs of which appeared normal. Stomach and duodenum 
hardened by carefully injecting and then immersing in 10 per cent. solution of 
liquor formaldehydi. Fragments were removed from the wall of the apparently 
normal pyloric canal, sectioned transversely (Fig. 18) and longitudinally (Fig. 
19 and stained by hematoxylin and eosin. Microscopic examination reveals 
no pathologic changes. Although this child was 8 months old, it was taken as 
a contro] to Cases 4 and 6, which were, respectively, 11 weeks and 8 weeks: 
notwithstanding this great difference in the age, the walls of this normal pyloric 
canal, as shown in Figures 18 and 19, and as indicated in the table of measure- 
ments, are in striking contrast to those of the pyloric canals in the cases (4 
and 6) of muscular hypertrophy of the pylorus. 


TABLE OF MEASUREMENTS, CASES 4, 6, AND “X” (CONTROL) 


Case 4 Case 6 Case “X.” 
takes ctieha (Control) 
mm. mm. mm. 
Length of pyloric tumor “pyloric canal”... . 16 18 1] 
Thickness of tumor, external diameter......... 12 14 9 
‘Thickness of muscle layers ee err 3 to 3.5 1 to 1.6 
Thickness of circular fibers ... ve 1.64 2.57 0.98 
Thickness of oblique and longitudinal fibers... . 0.56 0.45 0.16 
Diameter of lumen Saoeasa eer em ok (.49x0.14 .9x4.0 
0.16 0.13 0.08 


folds «ce 1 ee 3S 3.3 2.0 
Thickness of mucosa and submucosa, base of folds — 1.06 1.1 0.82 
Thickness of epithelium . 0.90 0.49 
"Mucosa, number of folds................. 4+ 2+ 
Stomach, thickness of muscle coats near “pyloric 

canal” ree ; 0.7 0.9 
Duodenum, thickness of muscle coats near 

pylorus , 0.49 0.49 0.16 
Muscle nuclei, width ............. 1.9 to 2.5 2.0 to 2.5 3.8 
Muscle nuclei, length .... : Baad aa 28 to 34 28 to 34 28 to 34 

*When small irregularities are present as well as the distinct folds, they are 
indicated by + following the number of folds designated. 


4. See also table of measurements. 
5. Owing to a mistake in reproducing. Figures 6 and 7 were reduced from 
mag. x 6 to mag. x 4, while the “control.” 


to mag. x 5%. Jecause of this the contrast is not evident in these longitudinal 


F 
Fi 


gz 
ig. 19, was reduced from mag. x 6 


sections, but is shown well when Figs. 9 and 10 are compared with Fig. 1s. 
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PATHOGENESIS 


There are a number of theories and conjectures concerning the patho- 
genesis of this condition. The earlier writers considered it a congenital 
organic defect due to excess of development. Cautley claimed that this 
was a primary hypertrophy, an instance in which “Nature in her extreme 
anxiety to provide an efficient pyloric sphincter, has over-exerted herself, 
and produced too great an amount of mu8cular tissue.” 

Flynn considered it an atavistic deformity analogous to the gastric 
mill in insects and crustacea and the gizzard in birds, or a reversion to 
the edentate pylorus seen in the armadillo. The assumption that there 
was a true tumor has not been proved histologically. 

The term “congenital” is misleading as no true hypertrophy has been 


found in fetal life or at birth. The svmptoms rarely if ever appear before 





Fig. 18.—Case “X” (Control).—Longitudinal section of wall of normal pyloric 


eanal. Compare with Fig. 6 (Mag. x 5%). 


the end of the first week, which is irreconcilable with the hypothesis of 
a congenital obstacle. 

The later writers, as a result of the study of a large number of cases, 
are almost unanimous in the opinion that the hypertrophy or muscular 
hyperplasia is a secondary manifestation. This is the result of a spasm 
or incoordination of the gastric muscles. The spasm may start as a reflex 


spasm of the gastric mucosa incited by erosions, fissures, over-activity, 


hyperacidity, too high fat in the food, increased nervous irritability, ete. 


Still has advanced an ingenious theory that the spasm is a kind of 
“stomach stuttering” in which the muscular action of both ends of the 
stomach is antagonistic. This he claims is analogous to the disturbance 
of coordination which is evident in hiccough or in the stuttering which 
is almost physiologic in the young child who is learning to talk. 

Case 1 of our series shows conclusively that spasm of the pylorus will 


produce a marked hypertrophy. 
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COURSE 

The course is slowly progressive and the condition may last from three 
to twenty months. The duration depends on the degree of stenosis. In 
cases in which recovery occurs the vomiting gradually subsides, consti- 
pation improves and the baby begins to gain in weight. This disease 
must be considered a very grave affection. Dr. John Thomson’s statistics 
show that four children recovered out of seventeen treated medically, or 
a mortality of about 76 per cent., while eight recovered out of twenty- 
three treated surgically, or a mortality of 65 per cent. These figures 
are a little higher than those given by Ibrahim, who showed a mortality 
of 46 per cent. of patients treated medically and 54 per cent. surgically. 
In this connection it may be stated that successful surgical cases are more 


iable to see the light of publication than those resulting fatally. 








Fig. 19.—Case “X” (Cortrol).—Transverse section of wall of normal pylori 


canal. Compare with Fig. 9 (Mag. x 6). 


DIAGNOSIS 


The history, age of the child, visibl 
In acute 


The diagnosis is not difficult. 
peristalsis and other symptoms should at once arouse suspicion. 
gastric conditions there is always more or less temperature and there is 
no constipation. It should not be mistaken for dyspepsia from over- 
feeding, or the habitual vomiting of Finkelstein, in which there is a 
congenital hyperplasia of the gastric mucosa. The latter condition is 
caused by too high fat in the food and the vomiting comes on immediately 
after feeding. True congenital malformations are rare. These are the 
result of an arrest in development or inflammatory process in fetal life. 


The baby only lives a few days after birth. The vomitus will contain 


bile if the obstruction is below the pvlorus. 
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The condition most liable to be confounded is that of functional 


spas of the pylorus or pylorospasm. Vomiting is the chief symptom in 


both these conditions, but in the simple spasm the stools are more frequent 
and bulky and the child may even have diarrhea. It occurs later in 
infaney and there is never any marked visible peristalsis and never any 


palpable pylorus. There may be bile in the vomitus at times. 


rFREATMENT 


The treatment should be individual and each case must be studied 
intelligently. 

The dietetic treatment consists in using the breast milk if possible. 
If the milk is rejected immediately after nursing, it might be pumped 
from the breast and given in small quantities with a medicine dropper. 
Some authors advocate giving it ice cold. If the breast milk contains too 
much fat it can be allowed to stand a few hours and the fat removed and 
the bottom milk given. Peptonized skimmed cow’s milk will sometimes 
be retained. Whey, malt soup, albumin-water, acid-milk, ete., may also 
« tried. It is best to give small amounts at frequent intervals. Feeding 
Vv vaVave should be ¢ mploved, 

The mechanical treatment is most Important. Washing the stomach 
out several times a day with cold water removes the contents of the 
stomach and prevents fermentation and other changes and also tends to 
relax the muscles of the stomach, An\ intelligent mother after a few 
lessons can perform lavage successfully. In two of our cases the mothers 
kept this up for many months without any difficulty. The use of hot 
‘compresses over the abdomen after feeding has also been recommended. 

The drug treatment is unsatisfactory. Alkalies can be administered 
after feeding to reduce the acidity. The use of small doses of atropin, 
opium or cocain about half an hour before each feeding has been 1ecom- 
mended by some authors 

Surgical treatment should be emploved when no further good can be 
lone by conservative methods. Surgery has added much to our knowl- 
edge of the pathology of this condition. ‘There are several operations 
recommended to relieve this condition. A posterior gastro-enterostomy 


seems to be the choice of most surgeons. 
SUMMARY AND CONCLUSIONS 
1. The pyloric tumor is due to a thickening of the walls of that por- 
tion of the pylorus adjacent to the duodenum—the pyloric canal. 


2. This thickening is caused by an hypertrophy of the muscle coat, 


chiefly the circular fibers 
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3. The cause of this hypertrophy is not evident. 


}. Inflammatory changes may or may not be present. 


5. Spasm of the (hypertrophied) muscles, due to local or reflex cause, 


may be a factor in producing stenosis. 


We are indebted to Dr. Ellis Kellert for assistance in the technical work 
ind to Mr. J. A. Glenn for photomicrographs. 


361 State Street—143 South Lake Avenue. 





ALBUMIN-MILK IN INFANT FEEDING * 


CLIFFORD G. GRULEE, M.D. 


CHICAGO 


I. LITERATUR} 


As the logical conclusion of many years of systematic effort to arrive 
at some definite ideas as to the nature of nutritional disturbances in 


artificially fed infants, with especial regard to the treatment, in Mav. 


1910, Finkelstein and Meyer’ first published their results with a new 
milk combination which, because of its high protein content, they named 
“eiweissmilch.” Their reasons for preparing such a food are best given 


in their own words. 


“The sugar (or rather, carbohydrate is to be regarded as the essential and 
primary fermentation substratum without which as little a normal as a patho 
logical acidification can take place. The fat can take part only secondarily, and 
then it is dangerous in the sense of acid fermentation only if the fermentation of 
the carbohydrates has previously begun. The fermentation of the sugar in turn 
is also dependent on various factors; first, whether the whey concentration is 
more or less suitable for the intestine, and as a result offers greater or less 
work for the intestinal epithelium; in the second place, on the proportion of the 
casein content contained in the mixture to that of the sugar. It is therefore cleai 
that just as in the other rules of nutrition, so in regard to intestinal chemical 
action, the action of one food-stuff can never be estimated and judged by itself, 
but always and repeatedly the nature of the processes results from the quantita 
tive proportions and the changing conditions of the whole of the organic and 


inorganic food-stutfs.” 


In endeavoring “to combat the dyspeptic fermentations” they decided 


hat the following principles were necessary in the preparation of a food: 


“Reducing the quantity of milk sugar; diminution of the salts by diluting the 
whey; enriching the casein with a changing, but. under certain conditions, not 
unmarked fat content; and after improvement is attained, the addition of a 


carbohydrate easily assimilable and consequently hard to ferment.” 


To meet these requisites they devised a food which had the following 
constituents: 


Casein from 1 liter milk + % liter buttermilk 

Fat from 1 liter milk. 

Sugar from 1, liter buttermilk. 

Salts from 1% liter buttermilk. 

Read before the Chicago Pediatric Society, May 22, 1911. 


l. Finkelstein and Mever: Jahrb. f. Kinderh.. 1910. Ixnxi, 655: ibid 683. 
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They advised the use of this food in 

. Dyspepsia. 

2. Decomposition. 

3. Intoxication. 

. Parenteral infections which have led to pathologic conditions in the gastro- 
intestinal tract and therefore to nourishment disturbances of a secondary nature. 

5. They wished to convince themselves of its use as a prophylactic for 
diarrheas in the new-born and very young children in the first weeks of life. 

In all, thirty-three cases of dyspepsia were treated. In the beginning, 
after six hours of tea diet the albumin-milk was given to the amount 
of 300 c.c. in five to six meals as soon as the stool became normal, which 
was within three days; in thirty of the thirty-three cases the food was 
increased to the amount of 100 c.c. every second day until about 200 c.c. 
per kiloweight was given in twenty-four hours. If the stool was formed 
there was added Soxhlet’s Nahrzucker, Liebig’s malt-soup or meal to the 
food. In most cases the decrease in weight had ceased by the third day 
and the general condition of the child was better. Of the sixteen cases 
which they were able to follow for an extensive period, only one showed 
a subsequent nutritional disturbance. 

The number of cases of decomposition was thirty-six. The initial 
tea diet was continued for twelve hours and then the albumin-milk was 
given to the amount of 300 c.c. per day, the increase being more gradual. 
It required an average of about ten weeks to bring these children back 
to a normal tolerance fer artificial milk. Of these patients, five died; 
three of collapse, one of bronchopneumonia and one of influenza. Six- 
teen infants were treated for intoxication. In these the tea diet was con- 
tinued for twelve to twenty-four hours, after which albumin-milk was 
siven in the amount of 5 c.c. ten times a day. This was increased 
rapidly, depending on the stools. A continuance for about eight weeks, 
on the average, was necessary for complete recovery. Of these sixteen 
infants, only one died. 

Of twenty-six cases of new born, or only a few-weeks-old infants, 
two died, and in three it was necessary to resort to woman’s milk. They 
do not advise the use of albumin-milk in these cases. 

Of twenty-eight cases of severe parenteral infections, such as pneu- 


monia, cystitis, influenza, sepsis, etc., six infants died, and they conclude 
that the albumin-milk has “an extraordinary influence in maintaining 


intact the nutritional functions.” 

Birk? soon afterward reported results in thirty mixed cases. In two 
of his cases the child was taken off of the albumin-milk for cause. In 
three very severe cases, death followed very soon after the beginning of 
nourishment with albumin-milk, and in two others death occurred very 


2. Birk: Monatschr. f. Kinderh., 1910, ix, 140. 
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suddenly while the children were on this food. Birk regards his results 
as very good. He was not able, however, after a certain time to cause 
the weight increase to continue in most cases without the addition of 
carbohydrates, and he is inclined to think that in those cases in which 
an increase was present without the carbohydrates, it was due to the 
high milk-sugar content in the food. He regards the food as fitted for 
intoxications (toxicoses) as well as chronic nutritional disturbances, but 
had some difficulty in changing from it to other foods. He thinks that 
the best results can be obtained if the total quantity of albumin-milk used 
is about one-fifth of the body weight. 

Nothmann® reported nine cases with one death and regards the use 
of albumin-milk as almost indispensable. 

Contrary to these series of successes is the experience of Chapin.* In 
twenty cases, in which eleven are characterized as atrophic, he had twelve 
deaths. In all his cases the ordinary percentage method had been previ- 
ously employed without good results. He naturally is not well pleased 
with the use of albumin-milk in such cases. 

Another article by Abt® has appeared, explaining in detail the manner 
of preparation, indications and directions for the use of albumin-milk. 

Braunmiiller® used albumin-milk in five cases of intoxication with 
four deaths (one of intercurrent pneumonia). He advises giving sugar 
only after a long interval, and instead to increase the starches. 

Welde’ reports sixty infants nourished on albumin-milk; these mav 
be tabulated as follows: 

Pathologic Condition Total Cases Recovery Unimproved Deaths 


Dyspepsia 25 23 2 0 
Decomposition 20 16 0 

3 
l 


Intoxication - 2 0 
Parenteral infections 8 6 0 
Premature l 0 
Eezema . ee 3 3 0 


In concluding he says: “We take the stand that in our home, 
especially for seriously sick infants, the albumin-milk can no longer be 
dispensed with.” And this in spite of the fact that he had trouble with 
the irregular composition of the mixture. 

In a recent article Finkelstein and Meyer*® state that failure with 
albumin-milk is due to the following: 

1. Injury to the child through inanition as a result of insufficient 
doses of the nourishment material in the beginning of the treatment. 


3. Nothmann: Jahrb. f. Kinderh., 1910, Ixxii, 347. 
4. Chapin: Jour. Am. Med. Assn., 1910, lv, 1455. 
5. Abt: New York Med. Jour., 1911, xciii, 121. 
Braunmiiller: Miinchen. med. Wehnschr., 1910, lvii, 2571. 
. Welde: Therap. Monatschr., 1911, xxv, 83. 
Finkelstein and Meyer: Miinchen. med. Wehnschr., 1911, Ivii, 340. 
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2. Injury in the beginning of the treatment due to too late or too 
small carbohydrate addition. 

3. Injury by again withdrawing the carbohydrates or by too great 
reduction on recurrence of the nourishment disturbance in infants which 
were favorably influenced in the beginning. 

They advise a rapid advance in the amount of albumin-milk given 
to 180 to 200 c.c. per kilo (about three ounces to the pound), or even 
more, and the increase of the carbohydrates to 5 to 7 per cent.; this 
increase to consist of Soxlet Niahrzucker or Loeflund malt-soup or 
barley. The carbohydrate should under no conditions be reduced below 
2 to 3 per cent., and the food should not be reduced unless the disturb- 
ances are severe. Albumin-milk must not be combined with other milk 
combinations. 


II. METHOD OF PREPARATION AND USE 


In all the cases reported in this article the albumin-milk was pre- 
pared in the infants’ diet kitchen of Provident Hospital. The nurses 
here employed receive, previous to their service in this diet kitchen, a 
two months’ service in the infants’ diet kitchen of the South Side Free 
Dispensary. ‘The albumin-milk was prepared by them in the following 
manner : 

(1) Buttermilk: The original culture was made from lactone and the suc- 
ceeding one by inoculation of new milk from a milk culture already twenty-four 
hours old; it was found advisable to run parallel cultures frequently since at 
times the original culture would spoil and produce a buttermilk which could not 
be used; (2) the curds: these were produced by adding a teaspoonful of chymogen 
(Armour and Co.) to a quart of boiled milk; allowed to stand one hour at about 
40 C. and then drained through a sterile cheese-cloth bag for one and one-half 
hours. The curds thus obtained were put through a collander twice; (3) mixing: 
the curds were then mixed with a pint of buttermilk and water added to make 
one quart and the whole beaten thoroughly in a small churn. 

When this process is completed, the albumin-milk should appear very 
much as does ordinary milk, except that when the bottle is slightly 
slanted, fine milk clots will be seen adherent to the glass. The diffi- 
culties in the manufacture of this food are many. In the first place, 
the buttermilk may become poor at any time and render it inadvisable 
to use it. Second, and a more frequent source of trouble, is the clotting 
of the curds in the bottom of the bottle in hard masses. To prevent 
this, several precautions are necessary. The milk after preparation must 
be cooled and kept coo] until time for use; it should not be transported 
over long distances, but above all, in warming the bottle preparatory to 
giving the food to the baby, one must only heat it enough to take the 


chill off the food; in fact, in one of my cases the mother gave the child 


the food cold without any ill results whatever. 
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III. COMPOSITION 


According to Finkelstein and Meyer, the composition of albumin. 
milk in comparison with that of cow’s milk is as follows: 


Albumin-Milk, Cow’s Milk, 
Per cent. Per cent. 
I RE et Ree tn I Ee 3.0 3.0 
teehee erro ade a eX atehahd aaa nie -@hELao toe 2.5 3.5 
GEERES ie roGrtee oe esas Ju Scesvavecds sneer me 4.5 
Me ota ne ee D8 as eae 0.5 0.7 


Birk states that in the albumin-milk used by him the protein varied 
from 1.9 to 2.6 per cent. ; the sugar as high as 2.5, and once, 3.6 per cent. ; 
on the average, 1.3 per cent. ; the fat between 0.9 and 2.7 per cent., usually 
about 1.8 per cent. He thinks that the variation in the sugar content 
may account for the fact that “certain children showed unexpected 
increase in weight with unsweetened milk.” 


IV. AUTHOR’S CASES 


This report consists of thirty cases, of which twenty-five are of nutri- 
tional disturbances (Table 1) and five of parenteral affections (Table 
2). Of these cases, five were dyspepsias, with four recoveries and one 
failure; seventeen were decompositions, with two failures and three 
deaths. Of those classified as failures, both were cases which could not 
be controlled. Of the deaths, one was the first infant on which the 
albumin-milk was used and the albumin-milk period was preceded by a 
long period of decline; one death resulted from erysipelas. In one case 
of intoxication the infant made a beautiful recovery. In this case a 
modification of the albumin-milk was used. Instead of suspending the 
curds in the buttermilk, barley-water was used, and this in turn gradu- 
ally replaced, an ounce or 2 ounces at a time, with buttermilk. In this 
case the above procedure did good service. One of the cases in this 
series was an infant a few days old, of comparatively good health, which 
thrived well on the food. Another case, aside from a rather severe 
rickets, and furunculosis of the scalp, showed no disturbance and yet went 
steadily down hill and died a month or six weeks after leaving the hos- 
pital. (Recorded as a death.) 

Of the five cases of parenteral affections, three infants died, one was 
but slightly improved, while one made an excellent recovery. One of 
those which died had a very severe anemia pseudoleukemica infantum, one 
was afflicted with subcutaneous abscesses which were very bad at the 
start and cleared up entirely for some days, then began again and during 
the second attack the child died. The third was a case of intestinal 


tuberculosis. The infant which improved only a little was one with 
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syphilitic hydrocephalus; the other case was an ordinary case of con- 
genital syphilis. 
SUMMARY OF RESULTS 

If we now review these cases we see that in twenty-five instances of 
nutritional disorder there were eighteen recoveries, three failures and four 
deaths. Of the deaths, two only were uncomplicated nutritional dis- 
orders. Of the failures, no infant was on the albumin-milk longer than 
twelve days, one being taken off the food because of a rather alarming 
loss of weight in the first week. When it is seen that such a large pro- 
portion of my patients were marantic and most of them under 4 months 
of age, it seems to me that the results are very good. 

The cases to which albumin-milk was given were chosen because of 
their severe character or because of the age of the child. In no mild 
case in which it was thought that the infant would thrive on the usual 
milk mixtures was the albumin-milk given. This is shown by the fact 
that fifteen of the twenty-five cases were in infants + months or under. 

There are certain symptoms which seem to be peculiarly the result of 
nourishment with albumin-milk. By most observers a subnormal tem- 
perature has seemed to be the rule in the cases of decomposition. This 
was so only in the more severe of my cases, but did not seem to me to be 
especially characteristic of nourishment with this food, nor did the addi- 
tion of the carbohydrates seem to cause any great difference in the tem- 
perature curve. Vomiting and colic, with expulsion of flatus, were the 
rule, though in some cases these symptoms were conspicuously absent. 
Constipation was very frequent but could usually be controlled by the 
use of malt-food or malt-extract. The weight usually dropped in the 
first few days, but responded quickly and soon passed the original mark 
in the favorable cases. In some, the addition of carbohydrates was 
necessary to cause a gain in weight, while in others the gain occurred 
with the albumin alone or diluted with a smal] amount of thin barley- 
vater. 

Quite interesting was the rapid fall and rise of the weight-curve. 
This occurred usually in the more severe cases and often a drop of 4 to 5 
ounces in twenty-four hours would be registered, with a quick return to 
a point above that before the drop. 

Soon after the beginning of the albumin-milk nourishment the child 
: often pale and the tissue turgor, in instances in which it is possible 
to estimate it, may be reduced, but these soon come back to the original 


and I have never seen more healthy artificially fed infants than some of 
hese which I have fed for months on albumin-milk. 


In stopping the albumin-milk and changing to some other food, 


there is frequently great difficulty. If the loss of weight is so great that 


it becomes a danger to life, no recourse is left except to return to the 
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albumin-milk. It has been my custom to try a milk mixture, always pre- 
ceded by at least two feedings of barley water. If this produeed a rapid 
loss in weight, | immediately returned to the former mixture. In one 
case, in which an attempt at mixed feeding was made, my experience 
was that of others; i. e., that the two forms of food were not compatible. 

For the failures here recorded, aside from the outside influences, 
such as disobedient attendant or parenteral affections, I can find no cause 
in the composition of the milk or in the absence or presence of carbo- 
hydrates. It has seemed to me, however, that a slight diarrhea is not 
an indication for reduction in the amount of albumin-milk, as it is in 
other mixtures. 

As to why the albumin-milk, when properly made and properly dosed, 
gives such good results in many almost hopeless cases, it would be diffi- 
cult to say. This milk as used has no reduction in fat or carbohydrates 
below the usual milk mixtures. It does, however, contain more protein 


} 
| 


he salts. The large amount of protein must help to decrease 


and less of t 
the fermentation in the intestinal canal and thus inhibit one of the most 
disturbing influences of the carbohydrates. 

At present the action of the salts individually and collectively is so 
little known that it is impossible to draw any conclusions in regard to 
them. At the same time, indications point strongly to a benefit from 


their reduction. 


31 North State Street. 














PROTEIN METABOLISM IN INFANTS AND CHILDREN * 


HERMAN SCHWARZ, M.D. 


NEW YORK 


Before going into a general description of nitrogen metabolism it 
is of the utmost importance to get a general idea of the newer facts 
known in regard to protein bodies. Protein bodies represent a highly 
complex organic combination which has become better known through 
the studies of Hochmeister, Kossel, and especially of Emil Fisher. 

The researches of Emil Fisher, Abderhalden, Bergel, Rona and 
others show that the end-products of the proteins, are the amino-acids 
obtained by hydrolysis, and are bodies of the normal fat and aromatic 
series in which the H atom is displaced by an NH, group. Of these 
acids many varieties have been described, of which the better known are 
glyveocoll, alanin, tvrosin, valin, leucin and isoleucin. Whereas the carbo- 
hydrate (glycogen) of the body represents combinations of a definite 
chemical group, the glucoses, and the fats a combination of glycerin and 
fatty acids, the proteins on the other hand represent many combinations 
of these amino-acids. We do not as yet classify the proteins by their 
amino-acid content, if I may use that expression, but according to 
external properties. Thus we have: 

Simple protein bodies. 

Complex protein bodies. 

The simple protein bodies include the albumins, globulins and the 
coagulable protein of muscles. These constitute the greater part of the 
protein in our food and bodies and are what we refer to when we talk 
off-hand of proteins. 

The second group includes mucin, which has a carbohydrate radical 


attached; the nucleo-albumins, which have a phosphorus group as, for 


example, milk; hemoglobin, which has an iron group attached, and 


finally those complex albumins which really perform the functions of 
our lives, the albumin in the nuclei of the cells, the nucleoproteins, which 


are made up of purin bodies, phosphorus and carbohydrate groups. 
When all these different proteins are ingested, they are split and 
hydrolyzed by the various ferments in a definite and regular manner. 
The pepsin reduces them to albumoses and peptones. The end-products 
(the amino-acids) are not present in the stomach at all or in but smal! 
quantities, for pepsin has the property of splitting up the protein body 


*Read at the meeting of The American Pediatric Society, Lake Mohonk, 
May 31, 1911. 
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into these more elementary substances only when they are allowed to 
remain in contact many hours. 

It is the trypsin of the pancreatic juice, and especially the erepsin 
of the small intestines, by which these bodies are further split up ulti- 
mately into the amino-acids. In the course of this transition there is 
a period when they are not amino-acids, nor yet peptones or albumoses. 
In this stage they have been called by Emil Fisher polypeptids and 
he has actually been able by many combinations of amino-acids to 
manufacture polypeptids. The end-products of the breaking up of the 
protein molecule are the amino-acids. The number of these acids is 
considerable, and it is very likely that there are many combinations and 
thus many different kinds of proteins of which we have not the least 
idea. The proteins are absorbed in the form of amino-acids and their 
combinations. The body has actually been kept in nitrogen balance or 
even in a plus balance by means of feeding experiments with amino- 
acids.‘ These amino-acids have also been found in the tissues of the 
body and serous cavities.?_ The proteins, then, are split up by means of 
ferments into their ultimate component parts, the amino-acids, then 
absorbed into the body to be reconstructed into various substances and 
excreted by the kidneys in the form, principally, of urea and ammonia. 
As yet the intermediary metabolism, the interval between the absorption 
of the amino-acids from the intestines and their excretion in the urine 
and feces, contains many a dark spot which needs further investigation. 
It is to the end-products which as yet are our only guide that I wish 
to draw attention in this cursory discussion of the nitrogen metabolism 
in infants and children. 

I shall first discuss the total nitrogen, a consideration of the intake 
necessary at the various ages, and the nitrogen balance. In discussing 
this question one must first distinguish between the nitrogen metabo- 
lism in the breast fed and in the artificially fed, and above all, not forget 
to distinguish between the healthy and the sick infant. 

A discussion of the metabolism of the breast-fed child is the most 
satisfactory and easiest, for by comparing the cases in the literature one 
is certain that the food given was more or less the same, namely breast 
milk, whereas in the artificially fed one has the difficulty in correlating 
different percentages of the various food elements, the different quanti- 
ties taken, and the uncertainty that one is dealing with normal children. 

If we take a number of cases of breast-fed babies (see Table 1) from 
the literature, as Czerny and Keller and Orgler? did, adding some of our 
own, and observe the amount of nitrogen taken in, we will be immedi- 





1. Schittenhelm and Frank: Ztschr. f. physiol. Chemie, 1909, Ixiii, 215. 
2. Umber: Lehrbuch der Erniihrunge und_ Stoffwechselkrankheiten, 1909, 
Urban and Sehwarzberg. 
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ately struck with the fact that irrespective of the age, the amounts taken 
in are about the same. 

Thus the 3-months-old child of Michel and Peret or the 4-months-old 
child of Schwarz does not even take as much as the 11-days-old child of 
Michel, but in contrast to this, the nitrogen in the urine excreted in this 
11-days-old child is 0.181 gm. as compared with 0.714 of Michel and 
Peret and 0.626 of Schwarz. The intake then is about the same but 
the output is distinctly different, not alone in the urine but also in the 
feces. The retention is seen to decrease and the output to increase as 
the infant grows older. 

In order to make a comparison of various cases in the literature we 
must have certain data to go by. These are (1) the amount retained 
per kilogram body weight per day and (2) te percentage retained as 
compared with the amount taken in. This latter is called the utilization 
figure. The first alone would not be sufficient, for if we gave the infant 
too little, naturally the retention would be too small. A comparison of 
utilization alone would give us an incorrect picture, for if we gave too 
much nitrogen, even though a great amount of nitrogen be retained, the 
utilization would appear small. 

It is only by a combination of the amount retained per kilo a day 
and the utilization, that a proper idea of nitrogen metabolism may be 
obtained. If these children are arranged according to their ages (see 
Table 2) and the amount of nitrogen taken in and retained per kilo 
weight, it will be seen that the amount of nitrogen retained is quite 
independent of the amount taken in. 


TABLE 2.—AMOUNTS OF NITROGEN TAKEN IN AND RETAINED ACCORDING TO AGES 


Rubner and 


Author* 
Intake pro kilo N... 0.407 0.425 0<:.545 0.685 0.430 0.354 0.286 0.205 
Retention pro kilo N. 0.314 0.343 0.410 0.552 0.194 0.156 0.143 0.048 


*The cases are the same as those referred to in Table 1. 


If we compare K VIII with M II we see that with similar intake we 
have 194 mg. retained in one instance and 343 mg. in the other. If we 
compare the amount retained and their ages it will be seen that the 
amount of retained nitrogen is dependent on the age, so that a 14-days- 
old child retains the most and the 5-months-old child the least. There- 
fore the amount of nitrogen per kilogram weight required in infancy 
is apparently about the same, but the amount retained and its proportion 
to the amount taken in, is according to the age. 

Grouping a number of these cases roughly together according to age 
as shown by Orgler,® we have an excellent idea of the utilization of 
nitrogen in infancy. 


ee . Up to 14 Days 2 to 3 Months 5 Months 
Retention . 0.351 0.153 0.048 
Utilization 78.3 40.8 23.1 
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The nitrogen metabolism of the first few days of life shows such 
distinctive characteristics that I have deemed it better to discuss this 
separately and collect the available material in one table. Langstein and 
Nieman showed that there is a negative nitrogen balance during the 
first few days when the baby is fed on woman’s milk pumped from a 
well-established lactating breast. In their first case the balance was 
negative for the first four days; in the second case for the first two days; 
third case for the first two days, and in the fourth case, a premature 
baby, it was negative for the first eight days of life. In an infant of 
Schloss and Crawford’s, fed on colostrum, the intake of nitrogen was 
1.5 gm., and about 1.1 gm. was excreted in the urine and feces, with a 


utilization of 26 per cent. Schwarz’ case, that of a premature infant, 


beginning from the third day up to the seventh day of life, can hardly 
be brought under this heading. for it was not controlled from birth. It 
was fed on woman’s milk and showed a retention of over 2.0 gm. of 
nitrogen during this time, and a utilization of 77 per cent. 

Birk’s patient—Case I—was fed on colostrum in a five days’ experi- 
ment, during which there was a physiologic loss from 3,980 gm. to 
3,760 gm. In spite of this there was a retention of 0.951 gm. nitrogen, 
a utilization of 33 per cent. In a second case there was a retention of 
nitrogen from the second day of life. His third patient, fed on woman’s 
milk from birth, showed a loss of nitrogen. We see here an interesting 
physiologic fact, that with a loss of weight there may be a retention 
of nitrogen in the patients fed on colostrum, and a loss of nitrogen when 
fed on woman’s milk. This shows the value of colostrum, for in Lang- 
stein’s case this loss is ascribed to a breaking down of protein in the 
tissues. In two of Birk’s patients fed on cow’s milk the results varied 
somewhat, for in Case I there was a loss of 606 mg. of nitrogen and in 
the second case a retention of 75 mg. of nitrogen. The utilization of the 
nitrogen in the cases in this table differs somewhat from the general rule 
given by Orgler previously in being considerably less. This is in part 
due to the fact that in some of the cases the first few days with low 
utilization of nitrogen are included with the later days of higher utili- 
zation, as might have been done if Schloss’ periods had not been sepa- 
rated as shown in the tables. Thus, in the first three days the utilization 
was 26 per cent.; then 63 per cent., which is nearer to the figures 
obtained by Michel and Peret. Birk ascribes the low utilization in the 
babies fed on cow’s milk to the large excretion of nitrogen in the urine, 
which in Michel’s cases was one-sixth and one-seventh of the intake, 
while in the cow’s milk babies it was as high as two-thirds of the intake. 
This he regards as a fundamental difference between the two types of 
feeding. Yet in Schloss’ case during the first three days, 30 per cent. of 
the nitrogen intake was excreted in the urine, and in Birk’s Case I, fed 
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on colostrum, 50 per cent. of the nitrogen appeared in the utilization. 
From the foregoing it is clear that nitrogen utilization in the new-born 
needs considerable more investigation. 

Before taking up the nitrogen metabolism of the artificially-fed 
child, it is important to know the effect in the same child of increasing 
the various food elements in the mixture. 

As shown above, in the breast-fed child the amount of nitrogen 
excreted in the urine is not constant and is of no value except as com- 
pared with the intake, being 11 per cent. in Michel’s* 5-days-old child, 
and 42 per cent. in Michel and Peret’s’ 3-months-old child. So also the 
amount of nitrogen in the stools, in the breast and artificially fed varies 
according to the age and the character of the food. The stools present 
a special problem, for here the nitrogen may be derived from the food, 
the intestinal secretions, bacteria or epithelium. The nitrogen content of 
the stool can be increased by changing the character of the food, thus caus- 
ing an increased secretion, or perhaps poor assimilation or resorption of 
the food nitrogen. Because nitrogen is added to the food and an increased 


amount of nitrogen is excreted in the stools, does not necessarily mean 


that this nitrogen came from the food, for there may have been more 
intestinal secretion, epithelium or bacteria excreted. In Schlossman’s 
ease Kriesch, as quoted by Orgler,’* the child excreted 1.22 gm. nitrogen 
in the feces, with an intake of 6.5 gm. of nitrogen, whereas with an 
intake of 10.05 gm. nitrogen, excreted only 1.119 gm. Child M TV in 
Orgler’s experiment’ excreted 0.62 gm. nitrogen in the feces with an 
intake of 8.1 gm. nitrogen. At another time this infant received 3.3 gm. 
nitrogen and excreted 0.61 gm. nitrogen, a difference of only 0.01 gm. 
nitrogen. In one of my experiments a breast-fed baby getting 1.6 gm. 
nitrogen excreted 0.164 gm. nitrogen in the stools; at another time 
receiving 1.25 gm. nitrogen, excreted 0.346 gm. or three times the former 
amount with the same intake. The amount of nitrogen in the food then 
has very little influence on the nitrogen in the feces. 

In hunger there is always a small amount of nitrogen in the stools. 
A patient of Keller’s, examined while on a water diet, excreted 0.0716 
gm. nitrogen, or 7 per cent. of the dried feces. In Orgler’s case’® the 
stools contained 5 per cent. nitrogen (dried feces). In my cases with 
an intake of 1.47 gm. nitrogen and an excretion of 0.15 gm. nitrogen in 
the stool, there was 4.5 per cent. nitrogen in the dried feces. In another 
instance with an intake of 1.252 gm. nitrogen there was an excretion of 
0.346 gm. nitrogen in the feces, or 4.3 per cent. of the dried feces. This 
percentage of nitrogen (about 5 per cent.) to dried stool is fairly con- 
stant. If a nitrogen-free diet succeeds a water diet there will be an 


14. Schlossman: Arch. f. Kinderh., 1904, xl, 1. 
15. Orgler: Monatschr. f. Kinderh., 1908, p. 135. 
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increase in nitrogen in the feces. What is most interesting is, that if a 
little flour, which in itself contains but very little nitrogen, is added to 
nitrogen-free food, there will be a great increase in the nitrogen excre- 
tion in the feces. Such an instance is a case of Rubner and Heubner.’® 
With a diet of flour containing 1.02 gm. nitrogen there was 0.45 gm. 
nitrogen in the stools—almost 50 per cent. of the intake. Therefore, 
as shown by Orgler, the resorption or the difference between the nitrogen 
intake and that found in the stools is of very little value, and an increase 
of protein in the food may have no effect on the nitrogen of the feces. 

In the adult when in health and taking the proper amount of food 
there is just a nitrogen balance, but in infancy, in health, there is a 
marked retention. This is the great difference in their nitrogen metab- 
olisms, for the latter is a growing organism and needs its nitrogen for 
its increase in weight and growth. It is very difficult to bring an infant 
into a state of nitrogen equilibrium, in which he will be excreting as 
much as he takes in. This can be done by reducing the protein intake 
sufficiently. This will, however, cause a diet to be given which is caloric- 
ally entirely below the requirements necessary to retain weight. If we 
proceed now to add protein, the infant will immediately begin to retain 
nitrogen, although the food values may be very much below the required 
amount. This explains the phenomenon of nitrogen retention and no 
gain in weight. The infant adds to its growth and not to its weight. 

To illustrate the effect of the addition of fat to the food, I reproduce 
in part a table of Orgler’s (Table 4). 


TABLE 4.—SHOWING THE EFFECT ON NITROGEN BALANCE OF THE ADDITION OF 
FAT TO THE Foop 


Food Nitrogen Urea Feces Bal- Nitrogen 
nels in Food, a Bs ance, utili- 
— on ae. oe zation 
ee gm. gm. gm. gm. per cent. 
Freund I.,"% Buttermilk .... 3.389 2.446 0.278 0.665 19.6 
Buttermilk and butter ..... 3.047 2.144 0.311 0.592 19.4 


L. F. Meyer,” 200 c.c. milk, 
800 c.c. barleywater, 16.5 


gm. casein, 20 gm. sugar. 3.55 1.799 0.256 1.417 42.2 
20.0 gm. same and butter ... 3.6296 1.93 0.202 1.45 40. 


From Table 4 it will be seen that when buttermilk alone is given, 
with a nitrogen content of 3.387 gm. there is a utilization of 19.6 per 
cent. If butter is added, we have the same utilization of nitrogen. L. F. 
Meyer’s’® case illustrates the same thing. So that we may conclude that 
the addition of fat to the food does not save nitrogen and the utilization 


is the same, 


16. Ztschr. f. Biol., 1899, xxxviii, 315. 

17. Freund: Zur Wirkung der Fettdarreichung auf dem Siiuglingsstoffwechsel, 
Jahrb. f. Kinderh., 1905, Ixi, 36. 

18. L. F. Meyer: Biochem. Ztschr., 1908, xii, 422. 
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The influence of carbohydrates on the nitrogen metabolism is very 
marked. From Table 5 it will be seen that when a mixture one-half 
each of milk and water is given, the child retains 0.2 gm. of nitrogen 
with a utilization of 9.9 per cent. and on giving the same mixture with 
the addition of malt in the form of malt-soup we have a retention of 
0.4 gm. of nitrogen and a utilization of 17 per cent. This action of the 
carbohydrates, however, does not work in instances in which the children 
do not stand sugar well, as shown in an experiment on Orgler’s Baby 0," 
in which the addition of sugar caused a marked loss of nitrogen. The 
saving of nitrogen by sugar is caused partly by the fact that the child 
does not need to draw on its protein if it has plenty of sugar. 


TABLE 5.—(FROM ORGLER). NITROGEN BALANCE AND NITROGEN UTILIZATION ON 
DIETS OF MILK AND WATER AND MALT-Soup 


Food Urine Feces Bal- Utili- 

N, N, ance, zation 

pean , c.c. gm. gm. per cent. 

1% milk and water 2.67: 2.027 0.380 6.264 9.9 
Malt-Soup ...... ..... 2.3448 1.4963 0.431 0.417 17.8 


This cannot be the only cause, for it can be shown that if a very 
small amount of barley diluent is added instead of water the retention 
is increased out of all proportion to the very slight increase of carbo- 
hydrate and nitrogen in the barley. The utilization is also markedl\ 
increased. Just what this is due to is not known. 

The relation of the mineral metabolism to the nitrogen metabolism. 
according to Orgler, is fairly constant. Designating the amount of ash 
retained as 1.0, the relation of nitrogen to ash will be seen in Table 6. 
taken from Orgler. 


TABLE 6.—SHOWING THE RELATION OF NITROGEN TO ASH 


Michel‘ I 

Michel IT 

Michel IV 

Michel and Peret 
Rubner and Heubner 


This is not the case in artificially fed infants and is especially impor- 
tant in sick children, for whenever alimentary disturbances occur there 
is a marked divergence from the above. 

In a consideration of the nitrogen metabolism of the healthy arti- 
ficially fed, all the above-mentioned factors must be taken into consider- 
ation and one must be sure that the child is absolutely healthy and gain- 
ing weight regularly. It is important in the first instance to be oriented 
concerning the utilization and intake with breast and artificial feeding 
in the same child in order to determine whether the utilization of 


19. Orgler: Jahrb. f. Kinderh., 1908, Ixvii, 383. 
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nitrogen is the same or better in the one method of feeding than the 
other. For this purpose Orgler has three cases in sick infants and only 
one in a healthy breast baby. To this we can add one case in a breast 
child which was apparently healthy, and was used because its mother 
had a nephritis and was excreting large quantities of albumin in her 
urine. The infant also had a faint trace of albumin. 

In Table 7 these cases are tabulated. It was unfortunate that in 
Keller’s case the child while on the bottle did not get enough calorically, 
yet the utilization was almost as good as when on the breast. In com- 
paring Orgler’s Case III and Schwarz’ case it will be seen that the 
retention and utilization while on cow’s milk may even be better than 
with breast milk if the artificial feeding is properly conducted. In a 
comparison of healthy bottle babies to other breast babies of the same 
age it can be said that the retention and utilization is at least as good. 
The resorption is also as good in artificial feeding as in the breast 
feeding, as shown in a case of Orgler’s?® in which an infant getting five 
feedings a day of woman’s milk had resorption of 74.8 per cent. of 
intake; on two feedings of breast milk and three of cow’s milk the 
resorption was 78.3 per cent. and on a cow’s milk mixture calorically 
sufficient the resorption was 82 per cent. 

In the sick infant, the conditions in breast or artificially fed infants 
are harder to compare, for here the unit of comparison, the kilo, 
is usually less than in normal children of the same age, and this fact 
necessitates a comparison with younger children. It is remarkable how 
much nitrogen these infants will retain while in their convalescence 
from intestinal disturbances. This pertains also to the artificially-fed 
child. 

Orgler’s** conclusions concerning nitrogen utilization might well be 
repeated. 

1. Healthy artificially-fed infants show similar or even better figures 
of nitrogen retention than healthy breast-fed babies of the same age. 

2. Retention in the sick artificially-fed child is as good as in the sick 
breast-fed child. 


3. Healthy infants often show better figures for retention when given 


a proper cow’s milk mixture than on the breast. 


4. The utilization of nitrogen may be as good or even better in the 
artificially fed than in the breast fed. 

Let us consider for a moment how the functions of nitrogen differ 
in the adult and in the child. 

1. Nitrogen repairs waste; makes good the daily wear and tear of 
the protein constituents of the tissues, used up in the performance of 


20. Orgler: Monatschr. f. Kinderh., 1908, vii, 135. 
21. Orgler: Ergebnisse der inneren Medizine und Kinderheilkunde. ii, 509 
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their functions. Of course this is equally important to both child and 
adult, but in the latter it constitutes most of its utility, and in arranging 
the adult dietary the protein need which shall subserve this function is 
alone imperative. In infants this minimum protein need, on account of 
reasons given before, cannot be accurately determined, but in some 
experiments it seems to run from 0.2 to 0.45 gm. nitrogen during the 
first fourteen days of life. In an older child a nitrogen equilibrium was 
struck when given 0.9 gm., being furnished with sufficient calories for 
its needs by the addition of carbohydrates. 

2. Nitrogen adds to the body substance. This deposit or storage of 
nitrogen plays a secondary réle in adults, but in children is of prime 


importance. In adults, under usual conditions, nitrogen is not stored. 
Any excess administered is split up, burned and eliminated. Only in the 


hypertrophy of muscles put to special activities, in pregnancy, in conval- 
escence from wasting diseases and after prolonged fasting does such a 
deposit obtain. In infants and growing children a large part of the 
nitrogen ingested is added to the body bulk in response to the imperative 
demand of the impulse of growth. So insistent is this demand that an 
infant can store nitrogen even when the calories of the food are insuffi- 
cient. This fact accounts for the common observation that a child will 
increase in length, though the gain in weight is not essential. In an 
adult a diet of insufficient caloric value leads to protein loss. 

3. The third function of protein is to furnish heat and energy to 
the body. The heat value of protein is about the same as that of the 
varbohydrates. Each gram of either substance when completely com- 
busted gives rise to 4.1 calories. 

It is not, however, a function for the performance of which the 
human body looks to protein, but rather to fat and carbohydrates. More- 
over, it is not an economical form of fuel when so used, owing to what 
is termed its “specific dynamic action,” some 28.6 per cent. of its value 
is given off as free heat, leaving only 71.4 per cent. available for the 
purposes of cell life. 

In infants this function of protein plays a small part, especially in 
natural feeding. 

In early life, then, protein is used to repair waste; then to be stored 
to the limit of the storage capacity of the body; then to furnish energy 
and be eliminated in the urine. 

The sparing of nitrogen built into the body and the storage of 
nitrogen brought to the body are greatly influenced by the constitution 
of the food as a whole. Indeed, the art of feeding in infancy, and quite 
as much in morbid conditions in adult life, depends on this appreciation 
of the effect of one food stuff on another in the metabolism of each. 
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As previously stated, the protein taken in is reduced to its ultimate 
amino-acids, then built up again and excreted mostly in the form of 
urea and ammonia. It is to a discussion of these, as they make up a 
part of the total nitrogen in the urine, that we will now turn our atten- 
tion. It is customary to quote the figures of various constituents of the 
nitrogen (nitrogen partitions) in the urine, in two ways: first, in actual 
milligrams excreted in twenty-four hours, and secondly in the amount of 
each substance as compared with the total amount of nitrogen in the 
urine. 

This urea nitrogen and the ammonia nitrogen constitute the largest 
part of the nitrogen in the urine. These again, subtracted from the 
total nitrogen, leave a residue which was previously commonly called the 
undetermined nitrogen. This undetermined nitrogen is becoming more 
and more subdivided as we discover new methods of determining quanti- 
tatively the products of protein metabolism. At present it can be subdi- 
vided into the uric acid nitrogen, purin body nitrogen, creatinin and 
creatin nitrogen. When al] these and the urea and ammonia nitrogen 
are subtracted from the total nitrogen in the urine, there is still a frac- 
tion which is in reality the undetermined nitrogen and is practically 
identical with the amino-acid nitrogen. 


UREA 


The formation of the gross urea nitrogen (urea and ammonia 
nitrogen) excreted in the urine is still an unsettled point. There are 
probably many ways in which it is formed in the body. That urea is a 
synthetic product of the amino-acids was long ago definitely established 
by Schultzen and Nenki** and it has been proved that at least one amino- 
acid, really a diamino-acid, namely arginin, found in the intestine, can 
be inverted into urea by means of the ferment arginase (Kossel and 
Dakin?*). This, however, does not represent all of the urea excreted in 
the urine. The most probable theory is that the amino-acids have their 
NH, groups split off by desamidating ferments, taken to the liver by the 
portal circulation, and the liver synthetizes some to urea, the remaining 
portion being excreted as ammonia. The gross urea therefore represents 
very probably the desamidating capacity of the organism. 

The urea nitrogen according to Morner and Sjoqvist makes up 72 to 
76 per cent. of the total nitrogen excreted in the urine. In a year-old 
child Camerer found the urea nitrogen 72 to 76 per cent. of the total 
nitrogen, and in a 5-months-old breast baby 83 per cent. of the total 
nitrogen. In a case of mine a 5-months-old breast baby excreted 0.5 gm. 
a day, or 72 to 75 per cent. of the total nitrogen, and when put on the 


22. Schultzen and Nenki: Ber. d. deutsch. chem. Gesellsch., 1869, ii, 566 
23. Kossel and Dakin: Ztschr. f. physiol. Chemie, 1904, xli, 32. 
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bottle this child excreted 0.6 gm. per day or 78 per cent. of the total 
nitrogen. L. F. Meyer and Ritschel state that the urea coefficient, that 
is, the percentage of urea nitrogen to total nitrogen, is from 60 to 80 
per cent. Hoobler** in a presumably normal bottle baby 9 months old, 
found the urea excretion 52 per cent. when fed on low fats, and 44 per 
cent. on high fats. This latter is probably due to the fact that there was 
a compensatory increase in the ammonia nitrogen. In an older child, 
5 years of age, the urea nitrogen excretion was found by Schwarz*® to be 
6 to 7 gm. per day, or 87 per cent. of the total nitrogen. According to 
Folin?® the amount of urea excreted depends on the nature of the diet. 
He showed that in cases with a rich nitrogen diet such as eggs and milk, 
the urea nitrogen can be as high as 87 per cent. and with a nitrogen-free 
diet may be as low as 60 per cent. 

Vogt?? showed that in acute gastro-enteritis the urea may be as low 
as 36 per cent. This, however, is not characteristic of acute gastro- 
enteritis, for a low urea was also found in patients with marked malnu- 
trition without acute intestinal disturbances. They did not seem to do 
well either on woman’s milk or on cow’s milk, probably due to an intol- 
erance to fat. This effect of increased fat, or perhaps an intolerance to 
fat, is shown in Hoobler’s case when put on a high fat mixture. Does 
this low urea excretion mean a disease of the liver? That this is the 
case in some instances is demonstrated in acute yellow atrophy and 


phosphorus poisoning in which there is a markedly decreased excretion 
of urea nitrogen. In gastro-enteritis, however, according to Thiemich,?® 


quoted from Vogt, the liver is damaged only in a small percentage of the 
cases and even in chronic nutritional disturbances there is no great 
destruction of liver parenchyma. Yet the histologic changes may have 
no bearing on the ability of an organ to perform its chemical functions. 


UNDETERMINED NITROGEN 


Before discussing the ammonia nitrogen, I will touch on the question 
of the undetermined nitrogen in the urine. As stated before, this figure 
is obtained roughly by adding the ammonia nitrogen to the urea nitrogen 
and subtracting this from the total nitrogen.*® In this undetermined 
nitrogen is included uric acid nitrogen, creatin and creatinin nitrogen, 
and purin body nitrogen, all of which will be discussed later. This nitro- 
gen is unaffected by the amount of nitrogen ingested and is supposed by 
Folin and others to be the nitrogen product of a metabolism apart from 


24. Hoobler: Arch. Pediat., 1910, xxvii, 856. 
5. Schwarz: Jahrb. f. Kinderh., 1910, lxxii (Series 3, xxii, part 5). 
26. Folin, O.: Am. Jour. Physiol., 1905, xiii, 45 and 116. 
. Monatsch. f. Kinderh., viii, No. 2. 
28. Thiemich: Beitr. z. path. Anat. u. z. allg. Path., xx, 179. 
I have done this in this portion of my paper because Vogt discusses the 
nitrogen partitions in the new-born in this manner. 
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the other—an expression of the intermediary metabolism. Because of 
the decrease in the urea nitrogen mentioned above, we have an increase 
in the undetermined nitrogen, provided the ammonia nitrogen remains 
constant. Inasmuch as these children with acute and chronic intestinal 
disturbances are in a state of under-nutrition, it might be said that this 
diminished urea and high undetermined nitrogen is due to hunger. In 
adults and in children also, hunger decreases the urea nitrogen, it is 
true, but there is such a marked increase in the ammonia nitrogen, that 
when both are added together and subtracted from the total nitrogen we 
have no increase in the undetermined nitrogen. Vogt examined the 
nitrogen partition in the urine of new-born infants and was able to find 
two distinct classes; one with a percentile decrease in the urea and a 
corresponding percentile increase in the undetermined nitrogen; the 
other with a high urea and a low undetermined nitrogen. He found, for 
instance, 46 per cent. urea nitrogen and 44 per cent. undetermined 
nitrogen as compared with the total nitrogen. Im other cases 81 per 
cent. urea nitrogen and 11 per cent. undetermined nitrogen. Whether 
this is due to an increase in the uric acid excretion in the one, or to a 
diathesis, it is impossible at the present moment to say. The increase 
or decrease in uric acid excretion, however, should not affect the urea; 
it might, though, make up the greater part of the undetermined 
nitrogen, and therefore not mean a decreased excretion of the amino- 
acids in the urine. It is interesting to note that in Hoobler’s case on 
low and medium fats, the undetermined nitrogen was 4.6 per cent. of 
the total nitrogen, whereas on high fats there was 11.5 per cent. 
undetermined nitrogen in the urine. Whether this high undetermined 
nitrogen means a disability of the liver or other organs to form urea 
from amino-acids, is still an open question. The urea excretion in the 


many pathologic states in infancy has not been investigated. It would 


seem especially important to know the excretion of urea in various types 
of malnutrition. In three cases of rachitic dwarfism Schwarz*® found 
the excretion of urea normal] as compared with a healthy child. 


AMMONIA NITROGEN 


Since the discovery by Keller** that the ammonia nitrogen in the 
urine of children suffering from alimentary intoxication is greatly 
increased, intense interest has been manifested in the ammonia excretion 
in the infant’s urine. The ammonia nitrogen co-efficient, that is, the 
percentage of ammonia nitrogen to total nitrogen, has been the subject 
of considerable investigation. In a five months’ old breast baby Camerer 


30. Schwarz: Jahrb. f. Kinderh., 1910, Ixxii, 724 
31. Keller: Jahrb. f. Kinderh., 1897, xliv, 55. 
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found this co-efficient to be 7.7 per cent.; Keller, 7.7 to 12 per cent. 
Meyer and Langstein®* claimed that figures under 10 per cent. are 
normal. Amberg and Merrill** found the ammonia nitrogen co-efficient 
in breast babies during the first few weeks of life to be from 4 to 12 
per cent. During hunger the ammonia output in the urine increases 


and must not be confounded with an acidosis. Meyer and Langstein 
have noticed this increase already on the second day of hunger. Folin” 


states that a decrease in the nitrogen intake enough to show a decrease 
in the nitrogen output in the urine will give an increase in the excretion 
of ammonia in the urine. Therefore, the ammonia excretion in the 
normal infant depends on the amount of nitrogen in the food. It has 
been generally understood that an increase of fat in the food alone 
caused an increase in the ammonia output. This was shown not to be 
absolutely the case by Amberg and Merrill,** for if the proteins are 
increased with the increase in the fat there will be no increase in the 
ammonia output. It depends more or less on the relationship of the 
fat to the protein. They have shown in a breast-fed baby that if this 
relationship were kept at 3 to 1 the ammonia output was only 8 per cent. 
If, however, the fat was increased and not the protein, the ammonia 
excretion went up to 18 per cent. In Hoobler’s** case the ammonia 
nitrogen went up from 2 per cent. on a low fat to 15 per cent. on a high 
fat mixture, but in this experiment the protein remained about the 
same, only the fats being increased. From the foregoing it is easily 
seen that one must be very careful in judging an acidosis by the amount 
of ammonia excreted. However, the excretion of ammonia in the cases 
described by Keller went up to 30 or 40 per cent. of the total nitrogen. 
This is undoubtedly due to an acidosis. It might also be due to a dis- 
turbance in the formation of urea, but Keller*® found that by giving 
amino-acids such as glycocoll, leucin, and asparagin, there was no rela- 
tive diminution in the excretion of urea. Pfaundler,** on the other 
hand, thought it might be due to a disturbance in the liver and the 
formation of urea, on account of the fact that there was a diminished 
ability of the liver to oxidize salicyl aldehyd. However, the later 
researches of Stemitz, Keller and Freund proved it to be beyond a 
doubt due to an acidosis, the increased excretion of alkali taking place 
through the feces and the ammonia used to neutralize the acids formed. 

32. Meyer and Langstein: Jahrb. f. Kinderh., 1906, liii, 30. 

33. Amberg and Merrill: Jour. Biol. Chem., 1907, iii, 311. 

34. Amberg and Merrill: Jahrb. f. Kinderh., ]xix. 


35. Keller: Centralbl. f. allg. Pathol. u. path. Anat., 1898, ix, 739. 
36. Pfaundler: Jahrb. f. Kinderh., liv, 247. 
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HERMAN SCHWARZ 
NUCLEOPROTEIN 

Before taking up a consideration of the remaining nitrogen constitu- 
ents of the urine it is important to know something of the breaking 
down of the nucleoprotein from which a greater part of this nitrogen 
comes. This nitrogen (uric acid, creatinin, etc.), as contradistinguished 
from the urea nitrogen, has absolutely no relation to the protein intake. 
Folin advanced the theory that there are two metabolisms going on, an 
exogenous and an endogenous. In the exogenous metabolism the organ- 
ism takes care of the entire intake of nitrogen, with the exception of a 
small part which goes to the repletion of that nitrogen lost in the 
endogenous metabolism. This endogenous metabolism is, however, 
affected by the nucleoprotein intake and it is to this we must now turn 
our attention. 

As stated in the beginning of the discussion, the nucleoproteins are a 
class of complex proteins and are found in food richly supplied with 
cells. They are made up of proteins and nucleic acids: Protein loosely 
combined, and protein very closely combined, with the nucleic acids, so 
that when they are taken into the stomach, the pepsin takes the loosely 
combined protein, forms peptones, albuminoses, polypeptids, and amino- 
acids. What is left is nucleic acids plus the closely combined proteins, 
together commonly called nucleins. The trypsin of the pancreatic juice 
then splits off the protein from the nuclein, and nucleic acids are left. 
These acids are, no doubt, also split up, but as yet there is only one 
known ferment that can do so, namely, nuclease, discovered by Sachs* 
in 1905. The pancreatic juice in addition has the property of changing 
the nucleic acids so as to render them more easily split up. They are 
broken up in the intestinal wall but not in the lumen of the intestines. 
Here they are resorbed, but just where they are changed into nucleo- 


protein of the body is unknown. Perhaps they are taken by the blood 


stream to the various organs, there combining with the nucleoprotein 
of the blood, forming the nucleoprotein of these organs. A portion of 
the nucleic acids is broken down by the intestinal bacteria, for purin 
bodies are found in the stools.** They are derived, no doubt, from 
epithelium and bacteria. 
Nucleic acids when split up result in the following: 
1. Purin bases; guanin, adenin, xanthin and hypoxanthin. 
Pyrimidin bases: thymin, cytosin, uracil. 
Carbohydrate group (hexoses). 
Phosphoric acid. 
7. Sachs, Fritz: Ueber die Nuclease, Ztschr. f. physiol. Chem., 1905, xlvi, 


Kruger and Schittenhelm: Ztschr. f. physiol. Chem., 1905, xlv; 1902, 
Xxxv, 153. 
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Guanin, a purin base, can be converted into xanthin by means of a 
ferment, and this in turn can be converted into uric acid. Adenin, on 
the other hand, can be changed into hypoxanthin by means of a ferment, 
this again into xanthin and then into uric acid.*° This shows the close 
connection which these nucleoproteins or nucleic acids have with the 
formation of uric acid. Jones thinks these changes are due to different 
ferments (guanase and adenase), but Schittenhelm believes them to be 
due to the same ferment. 

URIC ACID 

Uric acid represents the direct metabolism of the nucleoproteins in 
the food, and it is shown that its excretion is in direct relation to the 
amount of these bodies ingested. However, if a patient is given a nucleo- 
protein, or, as it is called, a purin-free diet, he will still excrete a small 
quantity of uric acid, which is exceedingly constant for the same indi- 
vidual. Burlan and Schur,*® who first pointed this out, called this the 
endogenous uric acid. The increased excretion found on giving purin 
bodies they called the exogenous uric acid. Now, just where does this 
endogenous uric acid come from? Burean*’ showed that during muscu- 
lar exercise there is an increased excretion of purin bases in the urine, 
and soon after of uric acid. He thinks, therefore, that it is formed in 
the muscles. But it has been shown by Schittenhelm that part of tli 
uric acid thus formed can be destroyed by a ferment which he called 
the “urikolytic ferment.” Therefore, the amount of uric acid excreted 
is not necessarily all that is formed in the body. If decreased or 
increased in the urine it can only be interpreted as to whether more is 
destroyed or less formed. If the former is the case, then the substances 
into which uric acid is split up should be increased in the urine. Some 
of these substances, such as glycocoll, oxalic acid and allantoin have 
been found. A discussion of these, however, would take us too far afield. 
Yet a search for these substances is of importance as allantoin has been 
found in the urine of the newly-born by Gusserow.*? 

The excretion of uric acid is especially interesting in the infant, 
for it receives a food which is purin-free, except during the first few 


days of life. In order to add nucleoprotein to its body, then, it must 


be able synthetically to produce these, and it has been shown by experi- 


39. Werner, Hugo: Ergebnisse der Physiologie der Harnsiiure, 1902. i, Abt. 
p. 555; Schittenhelm, A.: Die Purinkérper, etce., Ztschr. f. Stoffwechs. u. Verdau 
ungskr., 1904, v, 226; Burean, Richard: Med. Klin., 1905, i, 131; ii, No. 19-21; 
Mendel: Harvey Society Lecture, Feb. 10, 1906. 

40. Burean, Richard, and Schur, Hyman: Arch. f. d. ges. Physiol. (Pfliiger’s), 
Bonn, 1900, Ixxx, 241; 1901, Ixxxvii, 239; Rockwood: Am. Jour. Physiol., 1905. 
xii, 38. 

41. Burean: Ztschr. f. physiol. Chem., 1905, xliii, 494. 

42. Gusserow: Arch. f. Gyniik. Berl., 1872, iii, 270. 
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ment on the lower animals that the organism is able to produce nucleo- 
proteins even if kept on a purin-free diet from birth. According to 
Orgler** a breast-fed infant excretes 30 to 40 mg. of uric acid; an artifi- 
cially-fed one, 70 to 90 mg., the retention being greater in the breast-fed. 


It makes up about 3 to 5 per cent. of the total nitrogen in the urine. 


TABLE 8.—Uric AcID EXCRETION IN INFANTS. TOTAL IN THREE-DAY EXPERIMENTS 
( ORGLER ) 

Food Jrie Total Urie Total 

i Purin y , Purin 

Bodies, ‘ Jodi s, 

— em. m. gm. 
Breast milk ...... 30. 137.0 25. 159.3 
Cow’s milk ; a 244.6 247.3 288.3 


Increased per cent. 5 78 

As noted before, an increase in the nitrogen intake with a purin-free 
diet does not increase the uric acid excretion. ‘The addition of carbo- 
hydrate to the food, however, according to Orgler, reduces the amount 
of uric acid excreted and there is an increased retention. Ii this increase 
in the carbohydrate is continued, the amount of uric acid excreted will 
increase slightly, but not to the quantity that it was at the beginning 
of the experiment. As observed before, the addition of carbohydrate 
to the diet causes an increased retention of nitrogen and with this 
increased retention of nitrogen an increase in the retention of uric 
acid, and protein is added to the body with a resulting increase in 
weight and growth. Were this retention of nitrogen any better in the 
breast-fed than in the artificially-fed child this might explain the small 
excretion of uric acid in the former and a correspondingly greater and 
more steady increase in weight in the breast-fed. Inasmuch as this 
is not the case one cannot ascribe the greater protein increase to this 
fact. The nucleoprotein however has a phosphorus and iron group, 
and it has been shown by Krasnogorsky** that the absolute retention of 
iron is much better in the breast-fed than in the artificially-fed. Orgler 
thinks this may be the reason that more purin is added to the body of 
the breast-fed baby than to the one artificially fed, even though the 
retention of nitrogen is the same. Concerning the uric acid output in 
the new-born, conditions are somewhat different. Schloss and Crawford® 
have shown that the output is absolutely and relatively high, being 


greatest in the first three days of life. It is out of all proportion to 


the amount of purin bases in the colostrum and is greater when the 
cord is ligated late. They found the excretion to vary from 60 to 100 


43. Orgler: Ueber Harnsiiure ausscheidung im Siiuglingsalter, Jahrb. f. Kin 
derh., 1908, Ixvii, 383. 
44. Krasnogorsky: Jahrb. f. Kinderh., 1906, Ixiv. 
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mg. of uric acid nitrogen per day the first four days of life, 30 to 40 mg. 
per day in the second four days of life—20 to 30 mg. per kilo weight 
during the first four days, 8 to 10 mg. per kilo the second four days 
of life. Uric acid nitrogen made up from 18 to 20 per cent. of the total 
nitrogen during the first three days of life. Schloss and Crawford 
seemed to think that the greater excretion of uric acid in the late 
ligation cases points to the cellular elements of the blood as the origin 
of this uric acid. This theory is strengthened, perhaps, by the fact that 
in a case of Schwarz’s*® the uric acid in the urine was greatly increased 
in a baby 11 days old immediately after a transfusion, being 25 per cent. 
of the total nitrogen. 
CREATININ AND CREATIN 


The excretion of creatinin and creatin in the urine is still under 
considerable discussion. Whether one is derived from the other or not, 
or just where the creatin is changed to creatinin, is unknown. In the 
adult, creatinin is constantly present in normal urines and creatin is 
rarely if ever present. During febrile states, or in cases of fasting or 
in negative nitrogen balance, creatinin may be increased in urine, and 
creatin may be present in varying quantities, even greater than 
creatinin.?® Creatin is normally found in the muscles, which are sup- 
posed to be the depot for the body. Creatinin, however, is not found in 
muscles. The ingestion of creatin does not increase the excretion of 
creatinin in the urine (Folin*®). The protein intake does not affect the 
amount of creatinin in the urine and this excretion is remarkably con- 
stant In normal individuals under similar conditions. (Folin, Hoogen- 
huvze and Verploegh;°? Wolff and Shaffer*? and Shaffer.*°) Folin 


believes that the creatinin nitrogen co-efficient is an indicator of 


endogenous nitrogen metabolism, while Shaffer more specifically thinks 


it is an expression of the endogenous muscular metabolism. Folin 
further showed that the amount of creatinin excreted depended on the 
weight of the subject and more explicitly on the amount of muscular 
weight, or. as Shaffer puts it, “active protoplasmic tissues.” In the 
adult Folin found the creatinin excretion to be 20 to 24 mg. per kilo 
body weight and Shaffer 18 to 30 mg. per kilo. In a boy of 5 Schwarz 
found 6.1 to 7.7 mg. per kilo weight—150 to 160 mg. in twenty-four 
hours. Amberg and Merrell** found 26 to 39 mg. excreted in the urine 
of infants, or 6.7 to 9.9 mg. creatin nitrogen per kilo body weight. 
These were children beyond the period of physiologic loss. It is 

15. Schwarz and Ottenberg: Am. Jour. Med. Se., July, 1910. 

16. Folin: Jour. Biol. Chem., Am. Jour. Physiol., 1905. 

17. Folin, Hoogenhuyze and Verploegh: Ztschr. f. Physiol., xxiii, 1. 


18. Wolf and Schaffer: Jour. Biol. Chem., 1908, p. 439. 
19. Schaffer: Am. Jour. Physiol., xxii, 445. 
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especially interesting to note the figures for the first few days of life. 


This Sedgwick®® has done in seven cases during the first few days of 
life. It varied considerably with the amount of urine excreted and as 
the weight is not included in his table it is impossible to reckon the 
creatinin co-efficient. The excretion was up to 25 mg. creatinin in 
twenty-four hours. Sedgwick was further able to demonstrate the 


presence of creatinin in the amniotic fluid. 


AMINO-ACIDS 


Embden and Reese*' and Plaut and Reese®? found glycocol! in 
normal urine and only faint traces of other amino-acids. Abderhalden 
and Schittenhelm,** on the other hand, did not find them in the urine 
unless there was a disturbance in the protein metabolism. Samuely** 
found glycocoll in the normal urine of two new-born infants. Lang- 
stein and Reitschel®® did not find any amino-acids in normal urine. 
Von Reuss*® found glvecocoll in the urine of infants without relation to 
age or food. Schultz,*7 using Sorenson’s method modified by Frey and 
Gigon, examined the urine of infants on the breast and on cow’s milk, 
and found 8.5 per cent. amino-acid nitrogen to total nitrogen in the 
former and 6.7 per cent. amino-acid nitrogen in the latter. These 
figures are fairly constant for the same child but vary greatly in different 
children, both in health and disease. In cases of children very much 
under weight from alimentary disturbances but well at the time of 
examination, the amino-acid nitrogen in the urine was from 6.7 to 8.5 
per cent. In cases of dyspepsia (“Bilanzstérung” of Finkelstein) the 
amino-acid nitrogen was from 8.5 to 10 per cent. 

50 East Ninety-First Street. 


50. Sedgwick: Creatinin Metabolism, Jour. Am. Med. Assn., 1910, Iv. 1178. 
Embden and Reese: Beitr. z. chem. Phys. u. Path. (Hofmeister). vii, 441. 
Plaut and Reese: Beitr. z. chem. Phys. u. Path. (Hofmeister), vii, 425. 
Abderhalden and Schittenhelm: Ztschr. f. phys. Chemie, xlvii, 343. 

. Samuely: Ztschr. f. phys. Chemie, xlvii, 376. 

Langstein and Reitschel: Biochem Ztschr., i, 75. 
Von Reuss: Wien. klin. Wehnschr., 1909, p. 158. 
. Schultz: Jahrb. f. Kinderh., 1910, Ixxii. 
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A CASE OF INFECTION OF THE NEW-BORN 


LOUISE TAYLER-JONES, M.S.. M.D., 
WASHINGTON. D. C. 


Infections of the new-born are sufficiently common so that the report 
of a case seems scarcely warranted. On the other hand, the avenue of 
entrance often cannot be recognized clinically and the case in hand is 
of interest because the post-mortem examination alone demonstrated the 
portal of entry ; and not only the portal of entry, but the fact that absence 
of signs in certain cases is of little value. 

History.—I was called about 11:30 p. m. April 13, 1911, to see a ten-day-old 
baby because the left hand had, during the evening, become red and the tem- 
perature had risen to 103 F. The history is as follows: 

H. B. was born of healthy parents April 3, 1911, and weighed 7 pounds 
14 ounces. The labor lasted twelve hours and was normal in every par- 
ticular, except that the membrane had to be ruptured. The cord was protected 
in the usual way. The physician on the case is known to be able and extremely 
careful in every detail, so that infection seemed hardly possible. Icterus, pre- 
sumably physiologic, developed on the third day and the cord separated on the 
fourth day, leaving a clean umbilicus. Feedings were regular and normal and 
the baby seemed healthy in every way. Apparent health continued up to 8 p. m. 
of the tenth day, when the red area showed on the hand. 

Physical Examination.—The general appearance was that of a plump, healthy 
infant. Aside from the yellow appearance over the flexor surface of the thighs, 
there was little evidence of jaundice. Everything about the baby, including the 
spleen, seemed normal except that the lower liver edge was slightly more than 
1 inch (2.5 em.) below the costal margin. The abdomen seemed a little more 
tense and fuller than normal. ‘The umbilicus was clean and well healed. The 
skin was everywhere smooth, soft and pink—except for the left foot and hand— 
like that of a normal, healthy baby. The palm and back of the left hand were 
red and swollen. This also extended down the whole little finger. The demarka- 
tion was elevated and well defined, like that of erysipelas. The left foot showed 
an oval, red area about 3 by 4 cm. in diameter, shading off gradually into normal 
skin. This had developed within one-half hour. There was nothing like a bite 
or scratch to indicate local infection. A diagnosis of infection of the new-born 
was made. Although another general examination was made, the source of 
infection was not discovered. The temperature was 103 F., the pulse rate 120 
per minute, and respirations 32 per minute and easy. The most recent stool 
was examined and appeared yellow, soft and well digested. 

During the night between midnight and 4 a. m. Friday, April 14, red areas, 
less marked, developed on the right hand and foot. None of the four areas 
developed further after 4 a. m. There also appeared during the night a spot 
on the lower gum on the right side near the median line. This broke and pus 
exuded from it. From this time the baby began to refuse its food and looked ill. , 


By evening of the 15th he developed convulsions, which continued off and on 
until he died Sunday, April 16, at 3 a. m., when 12 days old, and just fifty-four 
hours after the first development of any sign or symptom of disease. 


Autopsy.—The autopsy was performed the same morning, eight or nine hours 
after death. In this short time blood stasis, showing very rapid post-mortem 
changes, was found all over the body, especially on the trunk and face and upper 
narts of arms and legs. The umbilicus was apparently clean and healthy on 
olasie examination. The abdomen seemed rather full. This was accounted for on 
section by the large liver. All organs seemed normal except the spleen, liver and 
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pancreas. The gall-bladder was large and empty; cystic, hepatic and common 
duets appeared normal. 

The liver extended to the anterior superior spine on the right side and sloped 
up to a point about 2.5 cm. above the umbilicus and 5 cm. below the ensiform 
process. It was about 3.5 cm. below the costal margin in the nipple line. Weight, 
744 ounces or 210 gm. (normal about 140 gm.’) It was spongy and the capsule 
pulled off like the skin of an overripe fruit. On section the substance was very 
dark, with much blood in it. There were some very faintly-marked, illy-defined 
paler areas of a yellowish tinge. Microscopically the liver showed cloudy swelling 
and an excessive congestion. There was much acute fatty degeneration, but no 
apparent connective tissue changes, nor were there any organisms observed. 
Nuclear degeneration was not noted. 

The spleen weighed one-half ounce or 14 gm. (normal 8 gm.*) and sections 
looked very boggy, dark and congested. There were no special changes in the 
microscopic structure, though the Malpighian corpuscles were obscured. It showed 
fewer changes microscopically than the liver, but on careful examination some 
septic thrombi were observed in the trabecular vessels. There were no marked 
changes in the tissue surrounding the thrombi except possibly in one place a 
slight hyaline degeneration of recent formation. 

Bacteriologic Findings.A—Cultures on plain agar, glucose-agar, glycerin-agar, 
and blood-serum were made. They were taken from the heart’s blood, the spleen, 
the liver and the abscess on the gum; also from the left and right hypogastric 
arteries. The left hypogastric artery, instead of showing the very dark blood, 
which had been observed in the other vessels and organs, exuded pus when cut. 
ihe right hypogastric artery appeared normal. Cultures were taken from each. 
Every tube contained a pure culture of streptococcus pyogenes, except that from 
the gum, which was contaminated with mouth bacteria. 

CONCLUSIONS 

This baby, which had been apparently perfectly healthy for ten days 
of its life, died when 12 days old, of a streptococcus infection whose 
course was by way of the umbilicus through the left hypogastric artery. 
At no time was there any sign other than perfect health at the navel. 
It is impossible to say when the infection occurred, but it would seem 
that the most reasonable presumption would put it at the time of, or 
soon after, the separation of the cord on the fourth day. The physiologic 
thrombus of the left hypogastric would probably not be broken down 
by sepsis for several days, and several more days might be required to 
have the circulation of the organisms in the blood show evidence by 


elevation of temperature and external signs. Had it taken place at 


the time of birth, infection would probably have manifested itself several] 
days earlier because of the organisms passing directly into the blood- 
current, before formation of the thrombus. The skin lesion, the first 
manifestation in this case, is, though not unusual, certainly not the 
usual feature, and the average case is that of the 10-day-old baby dying 
without apparent reason. 

l. Morse, John Lovett: Jaundice in the New-born, Boston Med. an? Surg. 


Jour., 1910, elxii, 238. 

2. I was enabled to study the pathologie and bacteriologic findings through the 
courtesy of Major F. F. Russell and Captain C. F. Craig, of the U. S. Army Med 
ical Sehool. 





PROGRESS IN PEDIATRICS 


ACUTE INFECTIOUS DISEASES 


NOTICE 


Circular issued by the American Orthopedic Association and the American 
Pediatrie Society in reference to acute epidemic poliomyelitis, addressed to health 
authorities and boards of health. 

Anterior poliomyelitis is, so far as known, a communicable disease, being 
communicated from one patient to another and also by means of a third person. 
It occurs in epidemics and tends to spread along the lines of greatest travel. 
There is reason to believe that it is prevented from spreading by quarantine, and 
with the very great prevalence of the disease in the summer of 1910 it is the 
opinion of this committee that it is essential that it should be made a reportable 
disease in all states in order that its presence may be detected and its spread 
guarded against. 

Of particular significance are the so-called abortive cases, in which indefinite 
ailments occur in children in communities where frank paralysis also exists. 
These abortive cases of infantile paralysis are undoubtedly a source of infection, 
and their record and study is of much importance. In a community where cases 
of infantile paralysis occur, cases of illness with sudden onset of fever and 
meningeal symptoms should be closely watched and regarded as possibly infec- 
tious. In such cases even recovery without paralysis does not establish the fact 
that the case was not abortive infantile paralysis. 

All cases of infantile paralysis should be strictly quarantined, sputum, urine 
and feces being disinfected, and the same rigid precautions should be adopted as 
in scarlet fever. This quarantine should, in the opinion of the committee, last 
for four weeks, in the absence of definite knowledge as to when the infection ends. 
Children from infected families should not be allowed to go to school until the 
quarantine is abandoned. The transportation or transfer of acute cases in public 
conveyances should be strictly forbidden. It would be very desirable to adopt 
provisional quarantine measures in suspicious cases in a community in which an 
epidemic prevails. 

The report of all cases of infantile paralysis to the public health authorities 
should be enforced by law, and all deaths from this cause should be properly 
described and registered. A careful study of epidemics by public health author- 
ities is strongly advised. 
Rosert W. Lovett, M.D., Chairman. 
Henry Kop.iixk, M.D. 

H. WINNETT Orr, M.D. 
Irvine M. Snow, M.D., Secretary. 


The Rockefeller Institute for Medical Research of New York City announces 
that it will devote its resources very largely during the present season to the 
study of anterior poliomyelitis (infantile paralysis) and to the treatment of acute 
eases of this disease in its hospital. Physicians and health officers desiring to 
co-operate in this investigation may do so by sending information concerning the 
occurrence and prevalence of this disease, or by referring acute cases to the 
Hospital of the Rockefeller Institute. Dr. Flexner renews his request of last year 
that whenever possible a portion of the spinal cord and of the nasopharyngeal 
mucosa derived from fatal cases of the disease be sent to him. Specimens should 
be preserved in glycerin and sent by mail to Simon Flexner, M.D., Sixty-Sixth 
Street and Avenue A, New York City. 
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Cytologic and Clinical Observations on the Incubation Period of Measles 
(R. Hecker: Ztschr. f. Kinderh., ti, No. 1, p. 77.) 
In this paper Hecker presents the results of his studies made on fourteen 


children, five cases, there being two in a family. In the first six cases the 
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TABLE 2.—Showing clinical symptoms and signs, temperature curve (centi 
grade) and percentage cell-findings in Vera H., aged 5 years. 


leukocytes were estimated, not counted. The specimens were stained with eosin- 


methylene blue and with azure, the latter method giving the better results, 


especially in the case of old smears. As a rule 350 cells were counted. The ages 
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of the children varied from about two to nine years and all of them had been 

previously healthy. The results obtained in some of these cases are shown in 

the accompanying tables. From these tables it is evident that a leukopenia was 

present, not only during the acute stage of the disease, but also during the 
Januar 
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TABLE 3.—Showing physical signs, temperature curve (centigrade) and per- 
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TaBLE 8.—Showing clinical symptoms and percentage cell-findings in Hugo C., aged 5 


incubation period. At times it was only a relative leukopenia while at other 
times it was absolute and severe. On the average, it was positively noted about 
three and a half days before the appearance of the exanthem and was probably 
present as early as four and a half days on the average. It usually appeared 
even before Koplik’s spots were seen, in several cases as early as the fifth, sixth 
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and eighth day. On the whole, the leukopenia continued with variations until the 
eruption appeared. In two cases, however, a leukocytosis was found as early 
as the second day before the eruption, and in two other cases it was found six 
and nine days, respectively, before the eruption. Hecker is convinced that the 
leukopenia is a typical occurrence during the last few days of the incubation 
period, and therefore it may be considered of diagnostic value in suspected cases. 
In two cases it was determined that the leukopenia continued five to nine days, 
respectively, after the appearance of the eruption. The relationship of lympho- 
evtes and neutrophils in the blood count is shown in Table 16. This reversal 
of relative count between these two types of cells is held by Hecker to be char- 
acteristic of the second half of the incubation period of measles. The reason for 


eeade fan 
Fritz U 
Vera H 
Gisela S. 
Iddy H 
Carola E 
Klemens E 
Erik ( 
Hugo C 
Marie Sp 
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TABLE 16.—Showing the relationship between the neutrophils and the lympho- 
‘ytes in the blood-count in the cases investigated. 


* Appearance of Koplik spots. ‘The figures framed in black lines show the 
reversal of the relative count between lymphocytes and neutrophils in the second 
half of the incubation period of measles. 


this occurrence is discussed freely but not conclusively. It is pointed out that 
it may be due to a diminution in the neutrophils or an increase in the lympho- 
eytes or both. Hecker also found a constant diminution in the number of eosin- 
ophils before the appearance of the eruption. Many degeneration forms were 
also found but no diagnostic significance is attached to them. Summing up 
these findings, it may be said, then, that in cases of measles there are found 
during the eruptive stage, and in the latter part of the incubation stage, certain 
typical changes which precede the Koplik spots by from two to six days and 
which, in suspected cases, aid in making the diagnosis. These changes are (1) 
ieukopenia; (2) relative and absolute disappearance of lymphocytes; (3) 
reversal of the normal relationship between lymphocytes and neutrophils or 
rednetion in the number of eosinophils. 


Fr. ©. &. 





PROGRESS IN PEDIATRICS 


ACUTE INFECTIOUS DISEASES 
Scarlet Fever 


(A. EB. Vipond: Canadian Med. Assn. Jour., 1911, i, No. 7, p. 817) 

Having come to the conclusion that the specific organism of scarlet fever 
would probably be found in the lymph-nodes of the body, Vipond confined his 
work entirely to the glandular system. April 14, 1911, he obtained from the 
body of a child 4 years of age (who died of scarlet fever) a number of enlarged 
axillary and inguinal lymph-nodes, from which he obtained the lymph. ‘This 
lymph, under strict antiseptic conditions, was inoculated into a slant of agar, 
blood serum and broth. Within a few hours a mixed growth developed on the 
different media, part of which proved to be Staphylococcus aureus; and part, a 
raised white growth, which on examination, turned out to be bacilli. This bacillus, 
when isolated, proved to be of rapid growth, and grew steadily on different 
media, including dextrose-agar, glycerin-agar, blood-agar, plain-agar, bloo:! 
serum and broth. On dextrose-agar a well-developed growth was observed 
within four hours. May 26, 1911, he examined a boy about 6 years of age, 
who had been suffering from scarlet fever for a period of six days. The case 
was typical and the lymph-nodes all over the body were much enlarged. Under 
strict aseptic precautions, a needle was inserted into an enlarged inguinal node, 
and a few drops of lymph were drawn off and mixed with a small quantity of 
sterile water. With this Vipond inoculated various media, with the result that 
in a few hours’ time a luxuriant white growth appeared, covering the whole sur 
face of the medium, which on examination proved to be a pure growth of the 
same bacillus. A boy 10 years of age, suffering from scarlet fever for a period 
of five days, was also a typical case, all the nodes being enlarged. Lymph was 
obtained from an enlarged axillary gland and various media inoculated, when 
a pure culture of the same bacilli developed rapidly. The next patient was a 
girl 6 years of age, suffering from scarlet fever. On the fifteenth day of the 
disease, lymph was extracted from a large, anterior cervical node. After various 
media were inoculated, a pure culture of the same bacilli was again obtained. 
A girl, 4 years of age, suffered from scarlet fever for five days. The same method 
being adopted, a pure culture of the same bacilli was readily obtained. The next 
was a rapidly fatal case of malignant scarlet fever, in which the rash was by 
no means typical. Cultures were taken from the different nodes and various 


inoculated media soon showed a vigorous growth of streptococci, with only a few 
of the bacilli present. Finally, lymph from an inguinal node was obtained from 
a ease of mild searlet fever in an adult and blood-serum inoculated. The same 


bacilli were obtained. 

From five cases a pure culture was obtained, two from inguinal nodes, one 
from axillary nodes and two from anterior cervical nodes. Two were post 
mortem cases, one being of a severe type, the child dying from myocarditis, 


great virulence, 


though the bacilli were numerous; while the latter was one of 
and in consequence, the streptococci predominated. 

Having obtained the bacillus which he regards as the specific organism of 
scarlet fever, Vipond decided to inject a broth culture into a monkey, with the 
hope that the animal would develop scarlet fever. In this he was not disap- 
pointed. At the time of inoculation, none of the lymph-nodes was palpable. 
Within forty-three hours, however, both axille presented enlarged nodes. The 
glandular system being gradually involved, the monkey was also irritable, very 
thirsty and rapidly lost weight. On the morning of the fourth day, the monkey 
was very weak and ill, had no appetite, was still thirsty and had a coated tongue. 
In the forenoon of the fifth day, the animal was still very ill, with a low, weak 
ery; it was hoarse and had a wrinkled face, a tongue coated with white fur, a 
congested throat, and presented generally a distressed appearance. On the same 
day, a red rash was apparent, the lymph-nodes also being very much enlarged. 
In the afternoon of the same day the monkey was still very ill and weak, the 
rash persisting, while the tongue was characteristic of scarlet fever; the fur had 
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disappeared from the anterior part of the tongue and left the papille exposed 
and prominent; in fact, a typical strawberry tongue was to be seen. At about 
7.30 p. m. the monkey suddenly died. The postmortem showed the monkey to 
be thin and emaciated, the lymph-nodes in the different regions of the body 
enlarged, the kidneys enlarged and congested, and the tongue of the same straw- 
berry appearance which had developed during life. Vipond obtained the lymph 
from the cervical, inguinal, axillary and mesenteric glands of the monkey. Tubes 
of plain agar and broth were inoculated. The following day, the same bacillus was 
recovered. Identical results were obtained in the case of several other monkeys. 
The bacilli have been inoculated into five monkeys and two rabbits. Typical 
scarlet fever has developed in all, including rash, enlarged lymph-nodes and 
desquamation. No suppuration in any one instance took place at the point of 
inoculation. Streptococci would likely have had this effect. The same bacilli 
have been recovered from the lymph-nodes in each instance, and further, the 
typical growth has developed on the different media. Vipond also succeeded in 
producing typical scarlet fever in a monkey and a rabbit by direct contagion 
from monkeys and rabbits suffering from that disease, and recovered the same 
bacillus from the inguinal nodes. In all the experiments Koch’s postulates have 
been carried out to the fullest extent. Both the monkeys and rabbits developed 
the disease. The monkeys used were the rhesus, Java and ringtail. The rhesus 
and Java monkeys were much more susceptible to the scarlatina poison than the 
long-tail variety. The shortest incubation period was two days and the longest 
five days. The incubation period in the rabbit was three days. The lymphatic 
nodes as a rule were palpable in thirty-six hours after inoculation. 

The bacillus will grow on all ordinary media, the growth occurring in three 
and a half hours—a most rapidly growing bacillus. The cultures show a growth 
produced by long bacilli with rounded ends, staining variably with Gram, and 
occasionally showing a beaded structure, but metachromatic granules are not 
present. Some cultures show sluggish oscillatory motility. The organism is an 
active spore former, the spores being endogenous and of the same diameter as the 
organism. The culture on broth forms an adherent film which tends to sink 
into the medium; the odor is rather offensive. The agar-culture forms a moist, 
smooth film, which develops rapidly; the edges are filamentous and the growth 
tends to become raised and subsequently wrinkled. Pink pigment is ultimately 
produced. On sugar media it is found to be an acid producer with abundant 
gas formation (dextrose, 70 per cent. acid, 30 per cent. gas; lactose, 50 per cent. 
acid, 25 per cent. gas; saccharose, 60 per cent. acid, 60 per cent. gas; maltose, no 
acid, 40 per cent. gas; mannite, 70 per cent. acid, 70 per cent. gas). Milk is 
slowly coagulated, with formation of acid. Indol is produced in peptone water. 
F. C. ZAPFFE. 


AMERICAN ASSOCIATION FOR STUDY AND PREVENTION 
OF INFANT MORTALITY 


The annual meeting of the American Association for the Study and Prevention 
of Infant Mortality is to be held at Chicago, Nov. 16-18, 1911. The work of the 
Association will be transacted partly in small sections devoted to special work 
and partly in larger meetings of a popular nature. There will be reports on 
infant welfare work in this country and abroad by Professor C. R. Henderson of 
Chicago, Dr. Hastings H. Hart, Director Department of Child Helping, Russell 
Sage Foundation, Assistant Surgeon General J. W. Kerr, U. S. Publie Health 
and Marine-Hospital Service, and others. The sections with their chairmen are 
as follows: City Milk Supply, Prof. E. O. Jordan, Univ. of Chicago; Continuation 
Schools in Home-Making, Dr. Helen C. Putnam, Providence; Eugenics, Prof. H. 
E. Jordan, University of Virginia, Charlottesville; Housing, Mr. Lawrence Veiller, 
New York; Midwifery, Dr. Mary Sherwood, Baltimore; Nurses’ Associations and 
Social Workers, Miss M. Adelaide Nutting, Columbia University. 







































